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In the book are presented the principles and the asethods of 
radio traffic, are described the ijifferent systeas of caijio direction 
finders, are givan the methods of the calculation of radios direction 

bi finders and theic antenna systems. Are examined the arcocs of radio 


direction finiers and special feature/peculiarity of installation, 
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checking and use of radio direction finders under varied conditions. 


The book is intended for the students of schools of higher 


education as textbook to the coucse of radio direction fiaders, for 
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students and radio engineers as managerent/manual on design and 
calculation of the different systens of radio direction finders, ana 
also for the opecating personnel, vhich operates direct ton-finding 


equipment and of its realizing ocganization use. 


The book will by useful for the wide circle of the radio 
specialists, conne-ted with that which was directed by caiio 


rece ption. 
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PREFACE. 


Badio direction tinders widely are used in aic anji aacina 
transport for tha solut. on of navigational problems (position finding 
of aovable object, flight toward airport, motion to the ship, that 
suffers calasity, and so fo-th); they are applied also for other 
target/patposas (Casearch on -he questions of radiowave propagation, 


observation of space vehicles aid so forth). 
\ 
\ 


Known dicection-finding metho.s continuously ara iaproved, 


increasingly nore deeply are develop’processe’ the paths of an 
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increase in the ascuracy and sensitivity, are found new 
direction-finding aethods, is improved theory, are expanisd the 
frequency band ani the field of application of direction finders. All 
the enumerated questions are illuminated in periodic tacshaical 


literature: howevar, until now, are not systematized. 


In the book is presented the general theory of Jic2stion 
finding, are givea the procedures of calculation of direction finder 
and its cell/elements, are analyzed the errors of dirastion finding 


and way of theic aliaination. 


Tha authors bope that the proposed book will be useful not only 
for persons, occupied with developsent and the use of liraction 
finders, but also to the wide circle of the radio specialists whose 


activity is connected with the directed radio reception. 


The authors consider it their debt to express deep s9preciation 
to Candidate of rechnical Sciences V. K. Mezin for writing §8.3-8.6 
and the survey of the manuscript, to Candidates of Technical Sciences 
Le Sh. Natadze ani to ¥. N. Ivanov for a series of obsarvations and 


indications, sade during the review of the book. 
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Page 5. 


Chapter 1. 


PROBLEMS JP RADIO TRAFFIC. 


Radios traf£is was used for the first tiae and in essence was 
developed as seans of the marine, and than also air navijation, for 
which the most iaportant question is the deteraination of the 
position of sowing object (ship, aircraft). For deterainiag the 
position of any of object, it is necessary to deterzin2 ingles with 
certain reference direction of straight lines !, that coiarect this 


object with the paints whose coordinates are accurataly ksown. 


POOTNOTE * since the surface of terrestial globe plane, precisely to 
say about the gesietic lines, which connect the given polats with 


this surface. For greater detail, see chapter 72. BHDPIJIIOTE. 


If in point x is located the object whose position is 
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determinel, and tse coordinates of point A are known, then direction 
from point x into point A, deterained by angle « between the 
direct/stcaight, csonaecting point x and A (Pig. by 1.1), and certain 
reference directions, he is called bearing. As the reference 


direction froma which are counted off ail angles, is accepted asually 


figs a a 


the direction of true (geographical) meridian at the pacticular 


point. In that case bearing he is called true. 


For deteraining the position of any of object, it is necessary 
to determine froa the point of the position of object x the bearings 
of two points A and B, for example a and 8 (see Fig. 1.1). After 
finding these beatings, construct on map/chart straight lines AEF ani 
BD, forming at points A and B with direction north - south angles a! 


= a- 180° and @* = 8 ¢ 180° respectively. 

Page 6. 

Intersection of tae straight lines AE and BD gives direst position of 
point x. The dirastions, determined by angles a* and 6", they are 


called reciprocal bearings. 


Bearings can be deterained by visual aad optical setraods. These 


methods have two assential deficiency/lacks: the saall cange, limited 


by line-of-sight canges, and the ispossibility of theic use under 
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conditions of pose visibility, i.e... when the precision jJatermination 


of the position of sowing object sost of all is necessary. 


[It is natarcal that for this purpose were nsed the instruments, 
deteraining bearings by the means of radio, the radio licection 
finjers, possessiiag the considerably larger cange and the possibility 


of work in fog and under other conditions of poor visibility. 


The veacting, determined with the aid of radio equipsent, he is 
called raiio baacing. The process of determining the radios bearing he 
is called radio traffic, and the branch of radio engina2ring, which 
studies all questions, connected vith radio traffic, by cadio 


direction finding. 


In the precaling/previous exasple it was assupei that the 
determination of Jirections a and ff is conducted on the soving object 
itself. This mataod of the direction finding when direction finder is 


located 93 ship or aircraft, he is called its own direction finding. 


aT pn foe i PLY Pear et ey ee Pee 


With direction finding it is possible to utilize a transsission 
of any radio station whose position is accurately knowa. Por the 
putpose of tha provision for a possibility of direction finding at 


any time on the earth/ground, are establish/installed the special 


transmitting radio stations, called the nondirectional calio beacons. 
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Besides the Jescribed method is applied still another method of 


direction finding, which jJies in the fact that with the aid of the 


direction finders, arrcansge/located on the earth/ground, are 





deterrzined the angles a* and gs*, which are reciprocal bearings: 
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Pig. 11. Determinatioa of position from two bearings. 
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This metaod se is called strange direction finding. Por the 


ee es 


possibility of its application/use, it is necessary 90 aicccaft (or 
ship) 


oy 


to have tha cadio-transmitter station for the call of 
terrestrial rajiioa dicection finding station and then for 
epission/radiation during direction finding. The obtaiiei bearings 


terrestrial station radioed aboard aircraft or ship. 
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A main deficiency/lack in this sethod lies in the fast that the 
services 9f dicection-finding station at the given instant can use 
only one object, while the nondirectional radio beacon can be 
oriented by which conveniently nuaber of aircraft or ships, equipped 


with direction finders. 


The advantaje of the method of strange direction finding 
consists in the fact that it can use the ships and aicceaft, which do 
not have special aquipment (radio direction finder), but equipped 


only with the noraal receiveting-tranSmit radio station. 


Besiles the ietermination of two dicections for jetarmining 
position in navigation, has value and definition of ona Jirection 
along which aust follow the aircraft or ship. This target/ purpose 
serve, ficst of all, compass, also, at small distances - the 
so-Called double beacons. Here also with large success can be used 


radio dirsaction finder. 


In some special cases the cole of radio direction finder can be 
especially iaportant, for example, the direction of snip in aid to 
other, signalling of calamity. If the location of the latter is known 
insufficiently accurately, the only method to rapidly acaieve it is 


floating in the direction, indicated by direction finder. Large 


conveniences direction finder represents also when coniusting of the 
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caravan of law courts by ice-breaker, etc. 
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In the aic fleet the radio direction finders videly are applied 


E for the solution of the problems of air navigation, in tae tcaffic 
a control service o€ the provision for aircraft guidance, for the 
Bi identification of aircraft in airport gone and in other cases. 

it Besides navigation the radio direction finders fiai «a ase in 
; 


ailitary science as means of deteraining the position of cadio 


stations and, therefore, troop foruations of eneny. 
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Por this putpose, the direction finders widely and succsassfully were 


applied even in world war 1914-1918. 


Pinally, radio traffic is very essential method for Cesearch on 
a nuaber of the physical problems, connected with caiid sagineering, 
mainly ths questions of the propagation of the electrorpagnetic waves 
of different cange, in different tiae of days and year, iistribution 


of atosospheric iischarges, etc. 


The importany application/use of radio direction finiers is 


their use for deteraining the position of satellites ani spacec.aft. 
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In last/latterc decades vere developed the diverse nes 
Cadio-navigation systeas: pulse, phase, frequency, ets. Despite the 
tact that some of these systeas provide position finding with larger 
accuracy than the radio direction finders, last/lattec soapletely 
retain thairc valus. Is explained this to the facts that tke radio 
direction finders possess a series of essential advwantajyes. The radio 
direction finder, establish/installed aboard the aircraft or ship, 
can be used in any area, since do not reyuire any speciai stations: 
direction finding can be produced on the constantly operating 
broadcast or comsanications radio stations. The equipment, adjustable 
aboard, is simple in operation and it is reliable. Ducinj the use of 
grouné-based radi>s direction finders, not at all it is caquired any 
special equipaant aboard of moving object, besides the noctal 
receiving-transmittiag station. The accuracy. providei with radio 
direction finders, is sufficient for the solution of the aajority of 
navigational probleas. Radio direction finder is the all-surpose 
instrument: it it is possible to utilize on large, mediaom and small 
distances, for example for the driving of aircraft on the 
predetermined course as booster agent foc recovery to 
landing/fitting, etc. The advantage of radio direction fiaders is 
also simpler, than in the majority of other cadio-navigation systeas, 


the exchange of operating frequencies, vhich raises intecference 
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shielding, it satas it possible at each given torque/aosent to select 
the frequency, least subjected to interfarences. The wort of radio 
direction finiers is connected with short-tera esission/cadiation, 


and therefore joas not cause the excessive charging of ether/ester. 
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Pinally, anostaec navigation aids cannot ceplace radio direction 
finders in fields mentioned above of their application/use besides 
navigation (in ailitary science, in scientific investigations, during 
the deteraination of direction aboard the ship, signalling of 


calamity). 


In comparison with the radar sethods of deterainiiy the 
position, the raifo direction finders possess considerably larger 
range. It should be noted that goniosetrical equipsaent/iavices of 
radars are based actually on the same principles, as cailio direction 
finders. Hovever, as a result of the coordination 9f action of 
qgoniorgetrical equipaent/devices with the remaining cell/elesents of 
radar station, these equiprent/devices possess a series of specific 
special feature/pseculiarities. Therefore gonionuetrical 


equipment/devices of cadar stations in this book are not exasined. 


InitLally cagdio direction finders were fulfilled in the range of 
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aediua-fraquency waves froa that which is rotated by operator by 

antenna (frameworc) and with the auditory reading of bearing on the 


sininus of audibility. 


Subsequeatly of developaent, they vare jirected towacd 
operator's relaasa from the rotation of antenna and the ceplacesent 
of the auditory caading of bearing by reading along elastconechanical 
instrument, along cathode-ray tube, in digital signal panel. Was 
carried out research on the reasons for tke errors of cadio direction 
finders, were found the seasures of their elisination. dece developed 
the sore effective antenna systeras, ensuring large with ascuracy and 
the sensitivity of radio traffic. Siaultaneously was iapcoved radio 
reception techaique - Vere iaproved the indices of the foraing part 
of cadio jirectioa finder receptors (interference shielding, 
sensitivity, the accuracy of installation and maintenance of 


frequency, reliability, etce). 


In connectiss with the coason/generalstotal devealopsent of radio 
engineering and the mastery/adoption of high and ultrahiga 
frequencias, was expanded the frequency band of the work of radio 
direction finders. Coatemporary direction-finding installations work 


in the range frors the lowest to the highest frequencies. 


As a result of the made investigations and developments, the 
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direction finiars are at present sufficiently precision instrusents. 
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Hovevar, the accucacy of direction finder is caused by a whole series 
of the factors, connected with it by itself and with tha affect of 
the surrounding odject/subjects, and also with the conditions of the 
propagation of electromagnetic waves on the way froa transmitter to 
direction finder. Therefore the indicated high degree of accuracy can 
be provided only in that case when during the practical use of a 
radio diraction Eloderc is given up clear ceport in the processes, 
which occaor in it, and in the different affects, exerct3i1 to these 


processes. Thus, for the proper practical use of a radio jirection 


finder is necessary serious acquaintance with the thaory »f sts work. 
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Page 11. 

Chapter 2. 

PRINCEPLES AND METHODS OF RADIO TRAPPIC. 

21. Blectromagnetic field and its polarization. 


It is known that electromagnetic field is the totality of the 


putually connected electrical ané sagnetic fields. 


Blectromagnetic field of the cadio waves, emitted by the 
transmitting antenna, is the field of the traveling wave: the phase 
of field varies in proportion to to the path of the propajation of 


wave, and amplituie changes relatively weakly. 


Any eaitter creates the induction fields and epissioa/radiation. 
At close distance from emitter (sraaller than the wavaleajth) there 
are mainly fields of electrostatic and electromagnetic inluction. The 


iatensity/strength of the first inversely proportional t> the cube of 
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distance from smitter; the intensity/strength of the second inversely 


proportioaal to the square of distance. Radiation fieli is here 


relatively weak. 


With distance from the emitter of induction field, rapidly they 
dertrease at a distance, greater than two-three wavelengths, virtually 
remains one radiation field alone whose intensity/stcength in free 
space inversely propo:tional to the first degree of distance of 


enitter. 


In the zone 9f iaduction, in inmediate proximity of emitter, 
betveen the strength of electrical and magnetic fielis is a phase 
difference, close to 90°. Sith distance from transaitter, this phase 
difference decreases, and ia the zone of enission/radiation during 
propagation in di#lectric sediur (air) electrical and sagnetic fields 


coincide in phase. 
Page 12. 


During the study of processes in radio direction finiers us 
interests as cadiation field when is orianted the distant radio 
transmitter, so also the field of the neac zone when, for exauple, is 
investigated effect on the direction finiing of tha aljacsent (to by 


antenna to the system of radio direction finder) setallic 
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ob ject/subjects. 


At large jistance from emitter (in the zone of - 


epissiona/cadiation) the vectors of the strength of electrical and 


magnetic fields (8 and H) mutually perpendicular aad pacpendicular to 


Poynting*’s vector (S), which characterizes the direction of 
propagation of elsctromagnetic energy (Fig. 2.1). During free-space 
propagation constant-phase surfaces are the concentric spheres in : 


center of which is located the emitter. This vave he is called 


spherical. 


At Large distances froma the transmitting antenns ths section of 
constant-phase surface near observation point cap be considered 


plane, i.8., t2? consider wave as plane. 


The structace of field is distorted near the interfaces (for 
example, the earth/ground and air), and also in the preseace of any 


obstructions or sacondary emitters: sountains, trees, antennas, etc. 


The vectors of the strength of electrical and sagnetic fields, 
renaining mutually perpendicular, can have different jicestion. For 
the characteristics of the sense of the vector of field, is introduce4i 
the concept of polarization. The polarization of elestroaagnetic 


field he is called the orientation of the electric fieli of wave 
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relative to the plane of propagation. The plane of propagation he is 
called the plane, which contains direction of propagation and 


perpendicular to the earth's surface. 


Can be observed the following foras of polarization: 


ed dlbcdh tall ae ake 


. 4. NWorsal, orc is vertical, the polarization, when the vector of 


electric field lie/rests at the plane of propagation. rhis case is 


depicted on Pijy. 2.2, where zy is a vertical plane. 
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Pig. 2.1. Sutaal Location of vectors of alectromagnetic field. 
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2. Abnoraal polarization when vector of electric field corgposes 


certain angle with vertical earth referenced plane, whirth contains 


direction of propagation. A special case of abnoceal polacization is 


borizontal polarization, when the vector of electric fiali is 


horizontal, and tke vector of magnetic field is vertical. 


The indiicatai in p. 1 and 2 poiarizations they ace linear. 


Daring any lineac polarization electric field can be Jac osposed on 


two fields ~- vertical and horizontal, cophasal. 


3. If betweea vertical and horizontal cOmponents of alectric . 
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field is phase displacesent, then is obtained resulting sliptically 
polarized field. The terminuses of the vector of directivity of field 
during the perioi of high frequency describe ellipse. fhe rotation of 3 
the vectoe of fieid in tise is realized unevenly. Direction of 3 
Trotation depends on a phase difference the vertical ani horizontal 
components of elsstric field. A special case of elliptical 

polarization is circular polarization, when vertical ani sorizontal 


components are equal to each other and a phase difference is equal to 


90° 
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Pig. 2.2. Normal polarized electromgagnetic field. 
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The strength of the electrical and eaagnetic fields of plane 
electromagnetic wave in the general case of elliptical polarization 
it is possible to express by the forsulas: 


= —_ ~~ . fb —ime cos B cos (¢—8 
E = (u,Eu-}+ iv,Ee) eve ed | ; (2.1) 


H= (—ja Au + ult y) citer ras Jens (@-1 3 
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vbere Uo and Yo - the unit vectors, which charactetize ths direction 
of the lacge and sinor axes of the ellipse of the polarization of 


electric intensity; 
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Ey, E., Hu, HW,-- valee of the large and seaisinor axes of the ellipse 


of the polarization of electrical and sagnetic fields (rij. 2.3): 
a - wave Quaber (m = 27/d in free space); 


rand ® - tha polar coordinates of the point in quastion,. 


relative to tha scigin of coordinates; 
y— the phase in the beginning of coordinates; 


®@-the angla of the direction of propagation of wave with 


initial reference line (azieuth, bearing); 


§ - the angla of the slope of a fromt of vave (Pig. 2.4). 
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Fig. 2.3. Blliptically polarized electric field. 


Key: {1). Trace of propagation. 
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Pig. 2.4. Adoptei dasignations of coordinates. 


Key: (1). Directisn of propagation. 
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Blliptically polarized wave can be presented as saa of two 


linearly polarized waves: in the plane of propagatioa (E,, //,) it 


is perpendicular to it (E,. Yn) 


—_ =e = Hee, fg _-i P <e—8 ‘ 
E = (nE,-- ale yel®e jmr cox pcos | Ms 5) 


vo (—nH |e" +H») elbea fe cos Aces (1-81 (254) 
where 3 ia the unit vector, vhich lies at the plane of propagation 
and perpendicular to direction of propagation; 
a - the unit vector, perpendicular to the plane of ptopagation; 


C,, E,, Hn, H,— the corresponding components of electcical and 


gsagnetic field; 


Yo— phase iisplacerent between tha normally ani sbiormally 
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The angle, composed by the direction of the transverse of the 
polarization of electric field vith the plane of propagation, he is 


called the angle of polarization y. 


The component of electric field, which lies at tha plane of 
propagation E.. can be decoaposed on two coagponents: vertical E, ana 
horizontal [. in the plane of propagation. If 8 = 0, i.e., if 
direction of propagation coincides with X-axis, we will »btain 


following coaponaats elong the axes of the coordinates: 
vertical 
E, = cos B|(E, cos ¥)* + (Ey sin y)' = L,, cos 2; 
horizontal in Jicection of propagation 
E, -=sin 8 |/ (E, cos y)*+ (E,sin y)*=E,, sin p; 
horizontal, perpesdicular to direction of propagation 


E, ='"(Eusin y)'+ (E, cos yj? = cy. 
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2.2. Principles of radio traffic. 


Bxarmining expreseions for the strength of the fieli of plaie 


, 7" hee 
wave (2.2) and (2.3), we see that the sense of the vector of field Es Z 
and the phase of the strength of field depend on the aagls of arrival 4 i 
of wave. the use 9F these dependences makes it possible t> cacry out 3 


. ji 


radio traffic. 


Shine 


Por jeterasining the sense of the vector of the fielis, it is 
possible to utilize an electrical or magnetic dipole, prazstical 
fulfillaeat of which is the short vibrator or the framework of small 
size/disensions. Revolving dipole, we will obtain the saxiaus of enf 
in it, whan its axis coincides with the direction of the transverse 
of the polarization of the strength of electrical or aagnatic field 
for electrical and magnetic dipoles respectively. The aininue of eaf 
will be obtained, when the axis of dipole is parallel to the minor 
axis of the ellipse of polarization. Howaver, the dirastion of the 
axes of the ellipse of polarization depends not only on direction of 
propagation, but also on the angles of the slope of a front of wave 


and on the angle 3f polarization. 


Only if the angle of the slope of a front of wave 8 is equal to 


zero either the angle of polarization y it is equal t> 0° or 90°, is 
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possible error-free direction finding with the aid of dipole. In the 
first case (f = 0} the direction of propagation coincides with 
perpendicular to the horizontal axis of the ellipse of polarization. 
In the second casa (y = 0 or y =~ 90°) the direction of propagation 
coincides with parcpendicular respectively to the vector of the 


pagnetic or electric field of electromagnetic vave. 


Research on cadiowave propagation is led to the conclusion that 
under specific conditions (for example, during the propagation of the 
terrestrial wave sbove the vell conducting surface) is provided by an 
angle of polarization, close to zero. In this case, the vactor of 
electric intensity is vertical, the vectosr of sagnetic intensity 
horizontal and for direction finding can be used magnatis dipole, 
jee, the frasewack. Perpendiculac to the axis of dipole with the 
minimus of signal coincides with direction of propagation. An antenna 
of this type finis wide application, especially on the asaiium and 
long Waves with which the polarization in many instancas its normal. 
It is necessary ¢> note that during appearance, on the strength of 
the corditions of propagation, abnoregal polarization tna ilicection 
finding to the fcarnework will be accompanied by the eccocs which are 
called polarizational and in more detail they are exasinai in chapter 


6. 


Page 17. 
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Stable polacization at an angle of 90° (7 = 90%, when electric 
intensity is horizontal, is observed relatively rarely. Only in thesa 


cases electrisal horizontal dipole can be used for cadio iirection 
finding. 


The phase of the strength of field also depends on psreseters 
enumerated earliec (azimuth, the angle of the slope of a front of 
wave, angle of polarizations) whose separate determination according 
to observad data in a single point is ispossible. The seasuresent of 
the phase at several points, which requires the application/use of 
the diversity-cecaption antennas, makes it possible to coapose the 
system of equatiois whose solution gives the values of all indicated 


parameters of electromagnetic field. 


The numbec of parameters and at the same tine the nousber of 
necessary aeasuraaents decreases, if we determine the stcength of the 
field of the detecmined polarization. Por this purpose, sansing 
devices of radio jirection finders are deSigned for the 
reception/procedace only of one of field components, usually vertical 


components of electric field. 


The exceptirsa/elisinatioa of the reception/procedure of the 
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second (horizontal) component of electric field technically 
coaplicatedly and virtually entirely is not reached. Fhe 
remanent/residual reception/procedure of the horizontal >> eponent of 
@lectric field leads to the errors which are also called 
polarizational. Jae should esphasize the difference in th2 ~easons 
for polarizational errors with direction finding with the aid of the 
framework and with the aid of the spaced antennas: ia the first case E 
the polarizational errors are characteristic to operating principle, 


in the second they are the consequence only of the inadejguacy of 


fulfillaent. 


In this shapter we will consider the action only of vertical E 


component of the electric field 


ESE,ee ee, (2.4) 


In many instances the propagation of wave from transnitter has 
the nultiple-pronged character: besides jirect wave ara propagated 
the vaves, reflected from the different layers or heterogeneity of 
ionosphere or the troposphere, and also the wave, reflasted from the 
earth/ground, froa different return ernitters, vhich are located on 


greater t> silt srealler distance from direction findec ani, etc. 


Page 18. 
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The resulting intarference field is sum N of the coherent waves 


i) B.ete Aten, (2.5) 


on 
Bach wave is chacacterixzed fouc by tadependent parametercse (En;, Vi, Bi, Oi) 
and interference field as a whole by 4 4 parameters. Arplitude and 
the phase of fieli of one of the vaves can be accepted arbitrary for 
the cosparisos with thes of other waves. then it is reqaiced to 
deteraine &N-2 tha unknowns of the parameter. Each antennas provides 
information about amplitude and the phase by induced in it eaf. are 
possible only relative seasuresents of aaplitude and phasa relative 
to amplitude and phasea of one of the antennas. Therefore, having n 
of antennas, we obtain 2(n - 1) the results Of seasurement. Knowing 
the locations 29f antennas, ve can be 2(n - 1) the equations, which 
relate tha paraastercs of waves with amplitudes and phases of the 
stresses in antennas. Bqualizing the number of unknowns t> the nusbec 


of equations, we obtain 
2(n—1) =4 N—2 (2.6) 


of 


n= 2H, 


For the sppacate detersination of the parameters Of all inciient 
waves, the nusbec of antennas aust be equal to the double!l nuaber of 


waves. This direstion finder will ensure the error-free deterainat ion 
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of direction and angle of incidence in each of the coaponant waves. 
Por the production of radio direction finder accoriinj t> this 
principle besides by the antenna of systea from the necessary nuaberc 
of antennas are cequiced the very complex receiving and computers, 
intended for the solution to the indicated equations. Foc this reason 
up to nov, there is no radio direction finder, which in practice 
realizes the given operating principle. All the existing cadio 
direction finders according to operating principle are Jasigned for 
the direction finiing of one wave. Hhen on this “sinjzle-wave" radio 
direction finiar operates the composite field of several vaves, 
appear the errors, called interference and examine/consiisred in 


chapter 6. 
Page 19. 


In single-wave radio direction finder the reguirei risber of 
antennas is gceatac than determined by formula (2.6). This is 
explained to the facts that with the incidence of only wave the 
amplitude of the strength of field and, therefore, aaplitade of eaf 
in antennas in all seasuring points are identical and the data on 
them cannot be asad. We obtain possibility to comprise only (n - 1) 
equations acCordiag to the results of the relative seasutements of 


phase. The nuabec of uaknowns is equal to two (@ and 5). derce it 


follows that for the direction finding of one wave (# = 1) 1s 
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required not less than three sotionless antennas. Phe nuaber of 
aateanas of radio direction finder frequatly exceeds the theoretical 
ainiaus. Surplus antenonas sake it possible to simplify the technical 
fulfillment of radio direction finder ani to iaprove its indices: 


sensitivity, iatecference shielding, instrumeat/tool accuracy, etc. 


Sincs in tha process of direction finding is usually of interest 
only azisuth of incident wave, it ig possible to search for the 
method to decrease the required number of antennas, exslujing the 
possibility of the deterrmination of high-altitude angle f- Prom 
forsula (2.4) it is evident that, accepting the phase of field in one 
of the antennas of the equal to zero and revolving the second 
antenna, it is possible to find this value of the angle 6 = (@ = w/2 
* 8)at which and the phase of field for the second antanas is turned 
into zero indepeniently angle of the slope of a front of wave #. In 
this case of the sufficiently tvo rotatable antennas for the 
deterrjination of bearing; however, without the possibility of 
deteraining the high-altitude angle. Direction finding actually is 
reduced to the datermination of the direction of the lines of the 
identical phases of the field perpendicularly to which is 


atrange/located tcansaitter. 


The sngla of the slope of a front of wave under nocaal 


conditions is changed within act wide limits near 0. I[f& we consider 
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; 

% angle 6 known, after accepting for it certain averaga value, is 

Fi poarsible direction finding to two sotionless antennas, siace the 
nuaber of unknown parameters is reduced to one 6 However, the actual 
: value of angle # can differ from that which was acceptai iuaring 

tH . calculation. Because of this appear the errors in the Jetaraination 


of bearing, which obtained the designation of high-altitaie. 


We examined the field of single electromagnetic wave with the 


a eee 2 


stable parameters. 


T ] 
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Under the aCtual conditions of radiovave propagation with reflection 
froa “rough” ionospheric layers or due to the effect of the 
troposphere the value and the phase of field, its polarization, the 
angle of the slope of a front of wave and the direction of arrival 
vary around average value. A wave of such type can be considered as 
wave, which has the angular spectrum, i.e, as totality oc the beas 
of waves with the different directions, which are asaally placed 


within the liaits of small angle. Since cadio direction finders of 


se" Gd, cose dec. baled Ber. cde A’. €* ik dabed hikey ten ceacomecd & watfeidlaeh f Che cet e cofak lied is ju. .uteielid shyt i! since etalon habits uel isu sdibinds ci <> 3, 14 “Paste bbe dn pith oad 


the type examsinei above cannot solve Separate component waves, their 
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readings corresp22d to the result of the effect of all alsmentary 


waves, 1.9., givsa errors. Errors oscillate in the course of tise in 


accordance with the fluctuations of paraseters of coaplax vave. 
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Analogous errors are characteristic to the sultivave cadis direction 
finder which solves separate discrete waves, but it caaast solve the 


continuous anjulac spectiua of scattered beaa. Errors of this type 


also are related to interference. 


after feed/conducting result, it is possible to astabdlish that 


according to operating principle the cadio direction finders are 


subdivided into the following groups: 

1. Radio dicection finders with the single rotatable dipole 
(virtually usually framowork). These radio direction finders are 
subjetted to polacizational errors. 


2. Radio dicaction finders with two rotatable antenaas. 


3. Radio direction finders with two sotionless ant®11aS. These 


radio diraction finders are subjected to high~altitude arcrors. 


&. Badio Jicaction finders with single-wave type three or nore 


sotionless antennas. 


All the enuaarated direction finders are subjected to - 


interfereace errors. 
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¥ 5. Maultivave type radio direction finders. 
%. 


ke 


2-3. Direstiona-finding methods. 





Ducing use for determining the bearing of several saatennae 
arrange/locate’ at the diverse points, the information about bearing 
is contained in the phases of the strength of field ani, therefore, 


in the phases of saf, induced in anternas. It is possible to 


, 


distinguish two sethods of processing this information. 


Page 21. 


With the fic3st method of the voltage of separate antennas of up 
to supply to the input of ceceiver-amplifier device, they are 
coabined so that sither the carrier agplituds of the cesulting stress 
or the paraseters of the amplitude modulation (depth oc the phase of 
amplitude asaodulation) of the resulting stress are the function of 
bearing. fhe dete mination of bearing is conducted by tha measurement 
of amplitude or parameters of the aaplitude modulation of the output 
voltage of receiving indicator. The radio direction finiats, which 


operate using this method, they ace called amplitude. Another sethod 


of deteraining the bearing is based on the applicatisn/uss of phase 
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aeasurernents. Tha radio direction finders in which is used the 
measurement of tha phase of high-frequency oscillations, they are 


called phase. 


Aaplitude dicection-finding aethods. Let us exasine the 


application/use of aaplitude sethods in the case the ase of the 


eee? tree ee 


rotatable antenna with (frarmevork, two diverse framework, two and 
wore spaced antenaas, the combinations of the frasevork, and 
antennas). The resulting voltage/stress by the antenna of systea 


depends oa the direction of incident wave, i.e., 
U=Ef (0. 3). (2.7) 


The Jependense of oatput potential by the antenna of system froa 
the direction of the arrival of wave he is called directional 
characteristic of antenna, and its graphic representation - by 
radiation pattara. Is is coasonly used standardized/nocamalized 


directional characteristic 


F(0, De ree (=) 


where fuonc (9. 3) — the maxiaum value of directional 


characteristic. 


Pigures 2.5 and 2.6 as an example gives different cadiation 
patterns in horizontal piane (i-e. with § = 0), presentei in 
Cartesian end polar coordinates. Pigures 2.5a depicts in polar 


coordinates widespread directional characteristic 
F(4) — cos 0. (2.9) 
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In fora of igwage this characteristic calls the "diagram of eight*®. On 
Pig. 2.5b, this same the characteristic is depicted in cectilinear 


coordinates. 


On Fig. 2.6a and b, is depicted acute/ssharper radiation pattern 


in polar and rectilinear coordinates. 

For determining bearing antenna systea they revolva, observing 
output voltage. It is possible to distinguish two sethods of the 
rotation: 

1) the cotation of antenna of up to obtaining of sinisua or 
maximum of output voltage, after which it is conducted the reading of 
bearing on antenna position; 


2) the long running of antenna. 


Let us call/name the first sethod sounting sethoi oa bearing. 
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Let us disasseable it in more detail. The rotation of antapna can be 
realized by hand by the operator who finds hearing on audibility in 
telephone (auditory direction finding) or frop readings 3f visual 


display (visual nonavtomatic direction finding). 
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Fig. 2.5. 





Pig. 2.6. Directional characteristic. 
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As indicator are applied the dial instrument or the cathole-ray tube. 
Botation can ba raalized also automatically with the aid of the power 


drive, controlled by the output voltage of radio diractior finder. 
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; the minimus (disappearance) of audibility in telephone, but not on 
. : maxigua, Since the first method is considerably more precise. q 
Bi Actually, with dicection finding with respect to the aininua, the 2 
“ very small (order 0.5-3°) divergence of antenna from the position of 
» zero reception/procedure already causes the appearance of completely 
if noticeable audibility in telephone. Near maximus the aadibility 

- changes much more slowly and is possible sufficiently considerable 
. : divergence from the position of the true gaximusp of 3 
} reception/procedure before we will note a change in sound intensity. 

* Let us examine, for exauple, the use of cosinusoidal jJirestional 


characteristic. [t is experimentally establish/installed that on the k. 
gsiddle ear notes a change in sovnd intensity. Let us exasine, for 


exasple, the use of cosinusoidal characteristics of directivity. It x 


cm 


is experiaentally establish/installed that on the siddle ear notes a 
change in the audibility to 7-80/o. This difference we vill obtain 
near the maximus when cos 9 becosaes equal to 0.92-0.93, which 
corresponds to angle of 23-21%, Consequently, having only gone away 2 
froa saxiaus to tae angle, greater than 20°, we will note a change of 


the audibility in telephone. 


Besides the Jetersination of bearing for audition froa the 
ainimua of radiation pattern, there is another auditory aathod, based q 


on the coaparison of audibility in two positions by the cotatory 


antenna of systea or during switching by the antenna df systen, 
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combined with the oanidirectional antenna. 


The simplest diagrag of the realization of comparison aethod is . 
represented on Pij. 2.7. Two Framework > fundamental framework A and 
auxiliary B are atrange/located autually perpendicularly and are 
attached on one axis. EBaf from frarsework B of switch by seitch D. 

Direction finding consists in the rotation of both framework and in 7% 
the determination of such position by which switchings of switch D do 


not change intensity of reception. 


On Fig. 2.8 jotted lines, gave the radiation patterns of 
framework A and 8. AS heavy and fine/thin solid lines ace depicted 


total radiation patterns in two positions of switch D. 
Page 24, 


According t> the same law will change the audibility at the 
output of receiver during the rotation of the framework. The position 
of the framework, in which the indicated switchings Jo not change 
audibdilicy, corresponds to direction 3-4, when the plane 9f framework 
B to the perpendicular of the location cf radio transaitter (1-2). 
Then there is no reception/procedure to framework B. The Jircection of 
the incoming electromagnetic wave is determined in this case hy 


perpendicular to the plane of framework B. On the dial/liab of radio 
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direction finder, must be counted off the angle between the initial 
reference line and this perpendicular. Audibility will aot change 
also in the position of the framework along directions 1 and 2, i@e, 
in the absence of reception/proceiure in framework A. this could lead 
to the possibility of bearing error to 90°. Virtualiy chis asbiguity 
is removed by the facts that framework B are taken with the larger 
effective height than A; therefore audibility with accurate bearing 
is less than with erroneous bearing. Framework B one should take 
greater size/dimensions than framework A, and for an inccaase in the 
accuracy of reading (see § 2.7). 

Instead of the auxiliary framevork-¥, it is possible to use the 
omnidirectional antenna whose eaf coincides ig phase with esf fros 
the framework. Eaf of the frasework or antenna is changed over during 
direction finding. Direction finding consists in the detecmination of 
the position of the framework, by which the audibility at the output 


of receiver is not changed during svitchings. 
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Pig. 2.7. 


Pig. 2.7. Diagram of the realization of comparison method. 


Key: (1). To receiver. q 


Pig. 2.8. Radiation pattern during switching of the frasavwork. 
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Between the raaplitudes of ernf of the framework and antenna, 
there can be in principle any relationship/raticoa, Let us assune that 
the value of eaf of the changed over antenna is equal to saxinaun eaf 
of the framework. Then the resulting radiation pattern will be 


obtained as on Pig. 2.9, on which by fine/thin solid line is shown 


the antenna cadiation pattern, by fine/thin dotted line - the 
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radiation pattern of the framework. By heavy broken and solid lines 
are shown the cesalting diagrargs in two positions of switch D. As can 
be seen from Fig. 2.9, the value of resulting eaf is not changed 
during switchings D, when the framework is directed leajthvise Oc and 
Ob, ises, when the plane of the framevork is perpendicular to 
direction in radia station. This is considered during the orientation 


of the framework and dial/liab in the indicated systea. 


Ouring manual unit on bearing accorjing to instraaent (visual 
for nonautomatic anit is aost expedient to utilize coaparison sethod. 
The voltage, obtained as a result of switchings, is aodulated. 
Utilizing, for example, radiation pattern of the combination of the 


antenna aod framework, as on Fig. 2.9, we see that in position Oa the 


voltage during one half-period of switching will be propoctional 04, 
and during the second - is proportional 03. This is represented on 
Pig. 2.10. Radio Erequency voltage is modulated and has cectangular 
envelope. In position Ob (Fig. 2.9) the depth of modulation is equal 
to zero, since voltages 01 into both half-periods svitchings are 
equal to each othac. During the divergence of antenna to the 
position, symmetrical Oa, we will obtain the sarae depth of sodulation 
as in Oa, but with the inverted phase. It is easy to see that the 
depth of modulation is the function of angle of rotation. Unit with 


the antenna of system on bearing produces on miniaum (zaf9) of the 


@epth of acdulation. 
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Fig. 2.9. Radiation pattern of system from the framework and the open 


antenna. 
Page 26. 


In visual radio direction finders at the output of receptor, is 
included the indicator according to readings of which the operator 
detersines the antenna position, which corresponds to the ninisus of 
the depth of modulation. In the automatic direction finiercs the 
follower with the aid of the power drive turns antenna in the 
position, which corresponds to zero modulation. Besides syuare-wave 


sodulation can be obtained sinusoidal rsodulation. 


Direction finding on maxiaue, as was noted above, with 
cosinusoidal cadiation pattern is imprecise. However, with 4 


sufficiently acuta/sharp radiation pattern, This sethod of direction 


finding becomes possible. Specifically, on ultra short waves it is 





DOC = 77223202 PAGE +} uot 


easy to perform antenna systea vith this acute/sharp cadiation 


pattern that the licection finding on maxinua will be sufficiently 


precise. 


Let us examine the second aethod - vith the long ruasing of 
antenna. In the radio direction finders, working using this rsethod, 
the voltage proves to be sodulated depeniing on the frequency of the 


rotation of antenaa. Actually, if angular freguency 2, then 


oe Qt 


and the voltage of antenna is proportional to directional 


characteristic 


F(0—0) =F (QU 9), 


i. @. 
Uw Uyanch (Q’—9), (2.10) 
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41). Emf froa the framework. (2). Emf fros antenna. 


Tt et ee cee ie a os 7 ene Ge ee “——y 


4 


Fig. 2.10. Addition of the voltages of the frasework and antenna, 


(3). They 


will close cont. (4). Sum of enf of the framevork and antenna. 


Expression (2.10) cepresents aodulated voltage, aoreover the phase of 


modulation curve is determined by bearing 6. 


At the output of 


is switched on the instrument according to whish is counted 


off the phase of aodulation freguency, which corresponis to bearing. 


Thus, cadio direction finders with the long cunning of antenna ace 


automatic, i.e., making it possible to directly count off bearing 


without observer’3s any operations. They are called phase-seter. 
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Let us turn now to ecsdio direction finders with astionless 


antenaas. Let us examine the siaplest antenna system of four vertical 
wire antennas ! (Pig. 2.11). 


POOTNOTE '. The application/use of four antennas instead of three 


antenaas, the miniaum nuaber, sinaplifies exarinaticn. AS has already z 


been indicated that for an improvement in the series of the indices 


of direction findar, is applied a lar >r number of antennas. 
ENDFOQTNOTE. 


Antennas 1, 2, 3, 4 are arrange/located in the apex/verteres of 


Sguare, direction of one of the diagonals of square with aatennas 1-3 


coinciding with the initial reference line of bearing. 


Let us designate: /.- acting height of antennas 2b - the 


separation of opposite antennas (corner diaseter) ; y the 


daitial phase of field at the center of syston. 


Bof, induced in anteanas, in accordance with (2.4%) will be 
U, = Ele! be tinh con teen al 


7 fP7 f[b —mb singcos 3} 
U,=Fh,e 


’ 


y a [|b—mh coetcos gy] 
U, =- Eh,e ong: 


i 
i 
U, = Eh,e! Ub peut sin 8 cos ay 
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Pig. 2.11. Antenna location. 


Page 28, 


The differential voltages of opposite antennas to sex/floor are 


expected egual to 


= j2h.e!* sin (mbcusBcos9), (2.12) 


, _U, 
y 1 U, = j2Eh,e!* sin (mbcosBsin§). (2.13) 


20 
We obtain two voltages of the identical phase whose auplitude depends 
on bearing @ and on the angle of the slope of a front of wave fp. With 
the aid of the appropriate computer it is possible to determine by 
the obtained tvo voltages both angles @ and §. Virtually in this 
type, radio direction finders is applied a suzall separation of 


antennas in comparison with wavelength (2b < A), since with a small 


separation is siaplified the procedure of the deteraination of 





Ps 
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bearing. Purtherajore, with large separation the solution to equations 
(2.12) ani (2.13) proves to be many-valued. Taking into account a 
small separation, in both expressions sines can be replaced with 
acguaents. Then 

U,, ==: j2h Ee! mb cus B cos 4, (2.12') 

U,, = (2h .Ee"* mb cos B sin 6. (2.13') 

Replacement of sines by arguaents, strictly speaking, it is 
permissible only with the negligibly low values of arguseats. During 
an increase in the acguments of expression (2.128), (2.13%) they 
become iaprecise and the obtained on them subsequently baaring is 
accospanied by the error which is called the error of separation. The 
maximum permissible errors of separation limit the distance betveen 


antennas in radio direction finders of the type in questidn. 


Por determining angle @ in accordance with (2.12%), (2.13") can 
oe used two geethods. The first sethod congists in the fact that 
between antenna system and the receiver is incladed the goniometer, 
which consists of two motionless field coils and one cevolving search 


coil. 


Antennas 1-3 and 2-4 are connected with the aid of feeders to 
two motionless mutually perpendicular field coils I, of II 
goniometer. Within field coils rotates third search coil of 


goniometer, connected to the input of receiver. 
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Page 29. 


The appearing under the effect of the differential voltages Uys 


and Us, currents and created by then in field coils I and II sagnetic 


fields HH: and H,, are proportional to differential voltages, 


i. @. , F 
: Hy= kU, iron H, warc 
H,,=kU,,=H 


cos fj, 
Tf saxxe sin 0, 
where k, and = <k,- the proportionality factors, which depend on the 


parapeters of goniometer and antennas. 


The cesulting sagnetic field in goniometer is equal to vector 


sum of fields H, and Mur. Let us assume that the curceats in both 


coils I and II, and also the created by thes nagnetic fields /i; and 


Hit awe located in phase. Then the vector of the resulting sagnetic 


field in value ani dicection will be determined by the diagonal of 
rectangle (Fig. 2.12). 


Ragnitude of vector the resulting sagnetic field is expressed 





H =OR=VOA'+ OB = 
= VAG ge C08 -FH 


ff wayne 


sin’ 6, (2.14} 
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and 
fits dirsction is determined by the angle F of vector 4 with 
Standard to the plane of first field coil I, which coinstiies with 


magnetic field H,, aoreover 


t Ge OP eg Tia : 
Er Bee Hy ane F099” 


t ix 
71 (2.15) 


Let us wake the further asseaption that 


H 


Paawe St ane 7 Huane- 


Then according to (2.14) and (2.15) we obtain that the resulting 


magnetic field Henman does not depend on angle @ and that 


tg b <=. tg 4 or ‘b= 6, 
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Pig. 2.12. Addition of magnetic fields in gonioweter. 


Key: (1). Searching coil. 


Page 30. 


Consequently, when saking these assunaptions the sagnatic field 
strength within goniometer on depends on the direction of incident 
wave. Direction of the magnetic field composes with standard to the 
plane of the first field coil of I goniometer accurately the sane 
angle F, which coaposes the direction of the arrival of wave with the 


plane of antennas 1-3. 


If one assumes that field within goniometer unifoca, then of easf£,, 


induced in search coil, will be proportional to the resalting field 


H, multiplied by sin ( F- a), where a is the angle Letvean the 
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eo: : 

a standard to the plane of the first field coil and the plane of search 
% : coil, calculated according to the scale of goniometer; (F - a) - the 


*, 


{ 
4 
{ 


angle between the plane of search coil and the direction of the * 


¥ 


resulting maqnetic flux (Fig. 2.12), i.@. 


Ey "= kH sin (v os a), (2. 16) 


Preppy ey al Be 
eS: ee eae 


where k - the proportionality factor, depending on the parareters of 


goniometer. 


gee og 
on 


In goniometcic to system instead of the pairs of spaced antennas 9 


L 1-3 and 2-4 it is possible to use the framework. Without being 5 
stopped here on the theory of the action of goniometer which is 
7 examined in detail in chapter 3, let us note that zero dutput voltage 
é 


ace obtained froma (2.16) during the rotation of search coll through 
angle a = 6 This position of search coil gives directly the reading 
of bearing. The process of direction finding in goniometric systea is a 


obtained by the same as with direction finding by mounting method on 


the bearing of the rotatory antenna. It is possible to also carry out 


long cunning of goniometer, applying for the indication of beariag 
the same receptioo/procedures as with that vhich is cotating antenna. 
In other words, goniometer makes it possible to carry oat rotation of 


cosinusoidal radiation pattern with sotionless antennas. 


With the othac method of determining the bearing on the basis of 
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the equations (2.12'), (2.13%) of voltage U,, and Up,y, they are 
amplified in two independent receivers (channels), the fastor of 
anplification of whics is differing (by value and phase). The 
intensive voltagas wi't be feed/conducted to plate x aad f of 
cathode-ray tube (Fig. 2.13). The trace of slectron beaa vill 


describe the straight line vhose slope/iaclisatioa is equal to 
x Oy 1 €@ asz. 


Page 31. 


The position of the glowing line on the screen of cathoile-ray tube 
detersines directly bearing. This type radio direction finders they 
are called two-channel. They are automatic. It should be ooted that 
it is possible to carry out independent argplificetion of two voltages 
in one receiver, applying the frequency, phase or ties sharing of the 


voltages of channels. 


In the radio direction finder with two notionless antennas, 
constructed according to aaplitude principle, is utilized usually the 


sums-and-differenca method of reading *. 


FOOTNOTE !. The sis-and-difference method of reading sonetines is 


related to phase-difference direction-findiag sethod. EBNDPOOTNOTE. 
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Differential voltage from one pair of antennas, arrange/located, for 


exaaple, as anteanas 1 and 3 on Pig. 2.1t, it will be 


U, =U, = j2Eh,c'* sin (mb cos B cos 8). (2.17) 


let us find also the total voltage 


UO, =U, +0, = 2Eh,c"* cos (mb cos pcos).  (2.17') 


Each of these voltages will be feed/conducred to indapeniant 
receiver-ansplifier channel. Both channels have identicai 
amplification factors. In one of the channels, the voltage undergoes 


phase displacesent 90°. 
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Pig. 2.13. Diagras of two-channel radio direction finder. 

Key: (1). Incident wave. (2). Receiver. 

Page 32. 

At the out put of channels, ve will obtain the voltages of the 
identical phase, proportional U, and U,. Yolwages will be 
feed/conducted to plates X(U,) and § Y(U,) cathode-ray 


tube. Inclination of the glowing line on tube face is equal to 


igacm - = (g (nb cos B cos 4) 


or 


@ == mb cos p cos 6. 


{ff we count off angles not from the Line of antenna location, 


but from standard to it, then a 2 ab cos # sin @. 
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Angle a is connected with bearing 6*. Kf one assunes that the 


angle # is known, then on angle a it is possible to find 6#*'. 


fhe application/use of a small separation of antennas, cosponent 
motionless pair, is inexpedient, since the rotating antenna couple of 
goniosetric systesm are siapler in operation. Gse by a aotionless 
antenna vapors acquires sense with large separation, since in this 


case is raised tha accuracy of direction finding. 


For the possibility of the realization of single-valued reading, 


the angle a must not be sore #/2, i-@e, 


mb sin <<. (2.18) 


Last/latter condition with that which was assigned b/d lisits 
the sector within lisits of which it is conducted direction finding. 
From expression (2.18) at the low values of angle 6* the sector of 
direction finding is determined from formula 20 < w/2ab. Thus, this 
direction finder is sector unlike the direction finders of other 
types, which allow/assuae direction finding within limits of 360°. 
faking into account this property, it is expedient each of two 
antennas to fulfill with acute/sharp cadiation pattera, as a result 


of which is raised the interference shielding of direction finder, 
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Pa are lowered interference errors it decreases the probability of gross 

La i 

5 : error due to sultifornity. F 
ag 


14. low walues the angle 6° can be desigaed oa the obtaised angle 


kaw mb cos B, larger 


2 a by siaple indexing into conversion factor 
: than unity. It is easy to see that the ceaversion factor is led to aa 


increase in the accuracy of direction finding. 


: Page 33. 3 


In conversion factor enters the angle of the slope of sa front of 


wave. If in calculation is undertaken the value of angle 8, different 


from its unknown to us actual value, in the deteraination of bearing 


we will obtain high-altitude error that it corresponds to the overall 


considerations, expressed in § 2.2. 


Phase-difference direction-finding sethods. 


Let us examine the applicatioa/use of phase-diffecease sethods 


in radio direction finders with the rotatable antennas. Let one of 


them (sotionless) be arrange/located in the begisning of coordinates, 


and the second (rotating) 


- at a distance r froa the ficst antenna at 
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am angle $ to initial reference line. 


The strength of field and the proportional to thea voltages in 


two antennas in question will be 


U, = AE, = hEe’*, 
Uz ats hE, a h.Ee!*e~/"" con pcos ($ — ” 


A phase difference of stresses U, and U, is equal to 
Py = mr cos B cos () — 4). 


In this type, direction finders is utilized the dependence of 
phase on the angle of bearing. For the determination of this 
dependence, the second antenna rotates on radius r with angular 


frequency 2, so that 


The phase of stress U, relative to voltage 
$,, == ir cos B cas (Of — 4) (2.19) 


ptoves ta be that which is changing in time. Consequently, 
differential voltage is aodulated on phase. It is known that phase 
sodulation can be exaained jast as frequency. The deviation of 


frequency is egtal to 


boa ee — — mrO cos B sin (Mf -- 9). (2.20) 
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the phase both of phase and frequency aodulatiog corresponds to 


beariag.- 


Page 34. 


+ cee wedhie b tid ue 


Receptoc (Fig. 2.14) sust contain high-frequency amplifier, the phase 
either FS discriainator, which isolates the low-frequency voltage, 
proportional to changes in phase (2.19) or of frequency (2.20), 
low-frequency amplifier and the phase indicator from readings of 
which is counted off the phase of output voltage, which corresponds 
to bearing. This type direction finders they are called direction 
finders with the cyclic measureaent of phase in high frequency. 
Instead of the rotatable antenna can be applied the sotionaless 


changed over antennas (see § 8.8). 


In the case of motionless antennas, it is possible to utilize 


antenna location in accordance with Fig. 2.11. 


The voltage »f each of the antennas individually is amplified in 
independent receiver-aaplifier channels, vith accurately identical 
phase responses. [s conducted the seasurenment of a phase difference 
in output potentials first and second channels Yas ari on the 
output of the thicd and fourth channels ,.,, Pros expressions 
(2.11) it follows that 
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1a = 2b cos B cos @ (2.21) 


and. 


Y—, = 2m cos B sin 0. (2.22) 


According t> these data can be found the angle 9 (ani also angle 
fp). Let, for example, in diagraa be developed the voltages, 


proportional to phases U,=y; and Uymyy,, 


Let us conduct these voltages to plate x and Y of cathode-ray 
tube. The angulac position of focus is detersined by angle a, 


acoreover 


YU, ty 


Consequently, angle a = @ directly determines baarinj. Can be 
developed the diagraa with the aid of which is deteraine’ also the 


angle s. 
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Pig. 2.14 Diagram of radio direction finder with the cyclic 


measuresent of phase. 
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Page 35. 


If we are rastricted to the applicatioa/use only of two 
aotionless antennas (fot example, 1 and 3), available it will remain 
only one of the equations (2.21) or (2.22), from which it is possible 
to determine 0, by assigning angle ff. It is natural that the 
determination 68 is accompanied by high-altitude errors, if assigned 


impretise value of angle f. 


With the large distance betveen antennas, appears the 


aultiforaity. 


In cadio dicaction finders of this type for the tarjat/purpose 3 
of an increase in the accuracy, is applied usually the large 
separation of antennas, and aultiformity they solve by the 
application/use 2£ the second system (phase or asplitude) with a 
saall separation, that gives the single-valued (but less precise) 


ceading of bearing (§ 8.7). 


According t2 this sage principle it is possible to construct the 


“sultiwave" radio direction finder, which allows sepacate direction 
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finding of several (with four antennas of two) coherent waves, which 
operate on it simultaneously. As already mentioped that in this case 
strongly becoses somplicated receiving-indicator equipment /device 


(2.15). 


Above are examined two fundamental direction-finding sethods: 
aaplituie and phase. On the first of thea, the phase dependences of 
electrorgotive forces in antennas on bearing are converted into 
aaplitade (radiation pattern) at the input of receiver. According to 
the second method, phase, phase relationship/ratios are retained 
before leaving of receiver-asplifier equiprzent/device where is 
conducted the seazsurenent of the phase, which determines bearing. Is 
possible the application/use also of the aixed sethods. According to 
a phase-asplitude sethod the first cascade/stages of rasaiver work in 
phase soda, then produces the transforsation of phase dependences 
into asplitude, usually using sua-and-difference method. In 
last/iatter stages of receiver-aaplifier equiprent/devica is 
conducted the amplification with the 
preservation/retantion/aaintaining of asplitude dependences. The 
measurement of bearing at output is conducted op aaplitudea indicator. 
Ia aaplitude-phase radio direction finder the construction of 
receiver-amaplifier equipment/device the same as in aaplitude, but for 
the indication of bearing output voltages are converted into the 


voltages whose phase depends on bearing, and is utilized phase 
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indicator. 


Py oe 


Page 36. 


Roper wee 


224. Errors of raiio direction finder. 


In §§ 2.2 ani 2.3 were examined comnon/geseral/total principles 
and the mathods of determining the bearing. In seal conditions the 
work of radio direction finder, is feasible a whole series of the 
factors, which aake the work of radio direction finder vorse and 
calliag the errors in the determination of bearing. The analysis of : 
the reasons for these errors and sgethods of their elimination or at 
the vorst of account during operation represents one of tke sost 


important questiyns of the theory of radio direction finier. 


All errors, which are encountered with direction finiing, it is 


possible to divide first of all into errors systematic ani randona. 


Systematic ecrors cause offset of bearing from trae iJirection in 
radio station. Determination in this case can be very evenly the 
direction of bearing it proves to be inaccurate indepeadeat of 


accuracy of reading. 


i 
i 
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Systematic ecrors can in principle be resovwed by the appropriate 
calibration of dicection finder, i.e, by the prelisiaary 
detergaination of its erturs from known stations and by the sethod of 
the direction finiing of the local oscillator, and by the subsequent 
introduction into the readings cf the correspondiag corrections. 
However, the reasons for errors, as we will see further, are so0/such 
numerovs and diverse and frequently so they yield with difficalty to 
account that in practice the fulfillment of this calibration is 
igapossible, and the introduction of all ounmerous corrections sould 
coapletely hinderfhamper the use of a radio direction finder even of ~ 
pi to calibration. In view of this the systeszatic errors aust be as 
far as possible resoved in direction finder. Only the celatively 
saall errors whose cegular dependence on very a few factors (one, 
maximaun of tvo, for example, from azimuth and from frequency) is 
accurately establish/installed, can be removed by calibration. The 
part of the systeaatic errors, vf the not removed and not considered 
in the form corrections, enters in the random errors of radio: 


direction finder. 


Random ercocs ace led to the oscillationysvibrations of bearing 
in tise, moreover usually are observed the rapid, slow ani very slov 


oscillations of bearings. With the very large nuaber of dbservations 
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to one and the sare radio station, undertaken for the wide interval 


y of time, average/aean candor ercor is equal to zero, since 





divergences to one and in the other direction are equiprobable. 
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However, in practice the averaging of all oscillations not is always 


ce teats Oe 


possible. The capid oscillations of bearings are averaged into the 
shorter time intervals, than slow ones, and therefore tueir averaging 
4 is realized sore frequently. An error in the single observation 

‘ determines the peactical accuracy of radio direction finier. 
Therefore the random errors of proper to be brought to ths possible 
ainiaus. Random ecror is rate/estimated ct average/mean quadratic 


angular error. 


Besides the given separation of errors into randozea and 


systematic, thece is separation according to the character of their 


calling reasons. 


Reasons, the calling ercors of radio direction finder, can 


consist: 


i 1. In opecating principle, diagraa, the construction of radio 
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aounting of external equipsent/device. The errors of this kind are 
caused, therefore, by the properties of instrument itself. We will 
cal) thea instruaent errors. Among thea special place occupies the 
phenomenon, called antenna effect (see § 4.2). The pact of the 

instrument error can be referred to the systematic errors of radio 


direction finder, another part - to the very slowly changing randor 


@Lror.. 


2. In effect of heterogeneity of surface along which is 
propagated electrogagnetic wave (coastal effect, effect of cenote 


environment). This component of random error changes very slowly. 


3. In phenomana, which occur during propagation of 
electromagnetic waves (change in plane of polarization, deflection of 
path of ray/beam froa arc of the great circle, arrival to point of 


reception/procedure of several interfering cay/beass). 


As ve #i11 see fucther, the different ercors of the propagation 


of waves cause the capid and slow oscillations of bearings. 


& In effect of different kind of those «ho lie near by antenna 


of system of object/subjects: antennas, wices, metallic passes, 


trees, structuces, hills, etc. 
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Pege 38. 
5. In subjectivity of reading of bearing. 


Subjective ecrcocs depend on a nuaber of factors and first of all 
on the degree of the indeterminancy/uncertainty of the ceading of 
bearing, for exaaple, on clearness and stability of simiaun or 
maxiaum of sound in telephone with the auditory reading 2 bearing, 
on width and stability of the strip on which is counted off the 
bearing in automatic visual radio direction finder and, etc. 
Different observers or one and the 3aze observer, counting off 
several times bearing to one and the same radio station, they will 
give the coapletely not coinciding readings, sore or less differing 
from the true bearing. Magnitude of error io the separate 
observations tbe yreater, than more the oscillation of bearing, the 
less determined those sign/criteria on which is counted off the 
bearing, for exasple than it is nore diffuse, is wider the pininus of 
audibility with auditory direction finding on the sinisua, is vider 


and more unstable strip with automatic bearing. 


Let us examine first subjective errors independent of the 
reasons, calling thes, since the character of these ercors does not 
depend on that, by which precisely reason they are caused. 


Subsequently let us pass to the examination of other enuserated 
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reasons for eriors, deteraining for each of them value and the 
character of systamatic errors and the degree of their effect on 


Clearness of the reading of bearing. 


2-5. Relationship/ratio of the power of signal aad interferences at 
the output of receiver. 


Power of interferences at the input of receiver. 


The valua of the subjective errors to high degree depends on the 


noise voltage and interferences, which sask signal and which ispede 
the reading of bearing. 


Por the target/purpose of analysis, it is expedient to divide 


intecferences and noises into two foras: 1) interference and noises E 


with wide continusus spectrus. 


Page 39. 


Within the limits of a narcow band of frequencies, passeli by F, 


receiver, the spectral density of their power can be considered 
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constant, and total power is of equal to the product spectral 
densities and bani '; 2) interference with the narrow liane spectrus 


of frequencies. 


FOOTNOTE *. Here one should understand effective passpini. Por the 
majority of selective systems, effective band by approxziaately 100/0 


is sore than passband at the level 0.7. ENDPOOTNOTE. 


fhe €icst foc includes space, atsospheric, some san- sade 
interferences ani the inherent noise of receiver. fo the second - the 


interference of radio stations. The interference effect of radio 


stations is examined into § 2.12. 


Let us examine the interferences of the first fora, which on 
their origin are divided into external (ataospheric, industrial, 
etc.) and internal, caused by the fluctuations of current in the 


antenma, the duct3, the tubes and other cell/felements of receiver. 


The level of outside interferences and their spatial 
distribution strongly depend on time of days and year, latitude of 


place, frequency and series of other reasons, examine/considered in 


the courses of radiowave propagation. To evaluate average 
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relationship/ratios, we let us assume that the interferences Cone 
evenly froa all sides and let us estimate their intensity with a 


spectral density 29f the strength of field of A. Value A depends on 


ony factors indicated above. The power of outside interferences at the 
: input of receiver comprises (3.1) 
i au? ° 
& Pau= “aR, + B, (2.23) 
4 
where B ig a passband; 


h,-the effective height of antenna; 





i 

R, - cadiatisa resistance; ] 

4 

: 3 
i 

. 1 - efficiency (efficiency); ; 
q 

q 

D - directive gain (derictive gain). | 

| 

d 

Internal noises, which appear because of the fluctuations of 4 

4 

current in antenna with effective resistance 'R,. are chacacterized by 
spectral power density «7, where k = 1.3010 #3 J/deg is Boltzmann 4 

a 

constant, T - absslute tesperature. The ratio of the total power of ‘ 


internally-produced noise at the input of receiver to the intensity 


of the noise, caused by only one antenna resistance, he is called 


oer Nererapen 


factor of noise N. The intensity internal noises is egual to 
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Inherent noise level at the input of receiver they characteri zo 
also by absolute receiver sensitivity - by that stcength of applied 
field vith which is created the voltage on input, it is equal to the 


effective value of noise voltage. From the detergination 2f absolute 


sensitivity, it follovs that 


oA ae OS R 
aRe SFR 1 Pn = NkTB, whece R=. (2.24’) 





After using the known relationship/ratios;: for syssetcical 
{3.1} 


antenna 





1208h? 
R= AIp , 
for the grounded anteaga 
240a1h? 
R= 3D ? 


ve will obtain tha expressions of absolute sensitivity foc 


syametrical and asyasetric antennas respectively: 
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) 
Lmnxe = eV 


The total power of external and internally-produced noise will 
be equal to 


Prow = Pont Pu 


Let us find the stcength of the applied field, which creates the sane 


power as total power Pro. Let us call/nare it the noise field 


Enon = fe ay 2241 Ee : (2.26) 


intensity 


The noise field intensity decreases during decrease in NW and A, 
with an increase iecictive gain and efficiency, and also with the 
contraction of the passband of receiver. The question concerning the 


advisable selection of passband is examined into § 2.6. 
Page 41. 


Absolute sensitivity can be improved (i.e. value Exc is 


decreased) with an increase derictive gain (D) aad efficiency’) 
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ba 
i antenna and ducing a decrease in the band (B) and in the factor of 
. b the noise (N). 


Calculation of these values is givea in chapter 7. 


a Prom formula (2.26) it follows that a decrease in valee Eas 


has littla effect on that which results intensity of the < eid of 





Poy 

‘ interferences, if by seans of selection 4 and 7) achieved /reached 
a 

i considerable excess of outside interferences above its own, i.e., if ; 
* AB. 4 
: : ae Eee 
M 
a In the examination of this relationship/ratio, ona should 4 
= consider the sinisus level of outside interferences, which can be aet 
Ir 4 
k wadec the actual conditions of the work of radio diraction finder. 1 
: i 
: 4 
3 
The celationship/ratio of the intensity of signal ani intensity { 
{ 
of noise at the oatput of the receptor depends on those 4 
j 
transformations, by which undergo the signal and noise. [a the j 
: ; 
; examination of thase tcansformations, one should distinguish the ; 
r linear and nonlinsur cell/elements of the receiver. i 


Relationship/ratis of the power of signal and interferences at the 


at en Aaah NL an a da 


output of the linear part of the receiver. 


i 
i 
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The linear cell/elenents of receiver include the feeiers, which 
filter ciccuits, amplifier stages, and also frequency converters and 
synchronous detectors. The usual detectors, which isolate the 


modulating voltaga of signal, are nonlinear. 


aftec the passage of linear cascade/stages, the ratio of the 





power of signal to the intensity of noises on output is egual to the 


same relation at the input: 


P 


L Py. put oc Eee 
* Pocus Pa PiwB * 


(2.27) 


where B is the resulting passband of all linear cascaia/stages; Pin a 


the spectral noize density at input. 
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Page 42. 


If separate cascade/stages have a band, By, Be ani so forth, 


then the resulting passband approximately can be found by the formula 


from which evident that the resulting passband is determined in 


essence by the narrow-band cell/velement. 


The intensity of noise at output does not depend on the 
distribution of s2lectivity between the cascade/stages of receiver in 
its linear part (high-frequency auplifier, the IF amplifier and so 
forth). However, juring the incorrect distribution of selectivity, is 
possible the overloading of cascade/stagas by noises or the 
interferences of sther stations, the disturbance/breakiown of 
linearity, the onset of combination interferences and bearing errors. 
These questions ace illuminated in the courses of raiid c2ceiving 
equipment. The effect of powerful interferences on the errors of 


two-channel radio direction finders is examined into § 8.3. 


in formula (2.27) are not taken into account noise 3 urces, 
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available in receiver after its input: tube and the sericonductor 
devices of the subseguent cascade/stages. The amplification of the 
first casctade/staje must be selected so that the neise voltages of 
the second and of all subsequent cascade/stages would be negligible 


in comparison with the intensive noises of the first cassade/stage. 


Relationship/ratis of the intensity of signal and nois2? at the output 


of detector. 


In nonlinaar cell/elements it is necessary to examin? together 
the passaje of sijnal and noise. This question was the object/subject 
of the number of special investigations [2.2, 2.3}, t2 which one 


Should turn for a comprehensive study. 


Will be here given only the short approximate rasults, in the 
Majority of cases sufficient tc evaluate works of direction-finding 


systems. 
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Let us designate the effective valu2 of the voltage of signal 


carrier frequency on the input of detector U, and th2 2ffective 
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value of noise voltage U,,. If the passband of the fraquenties of that 
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(2.28) 
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Ss part of the receiver, which precedes detector, 8» and spectral noise ; 
NI . ; 
at density (on voltage) @u then 3 
on sp cata ta 
*. Un == Bu vA Ay. E 
sy We examine the signal, modulated in amplitude, with the depth of q 
ww : 
modulation M. At the ontput of detector, we will obtain stress 4 
r ; component modulation frequency, caused by signal with 2ff2active value : 
j 
Uraus.ahd the spactcum of the noise voltages, caused by the interaction : 
a of the components of noise between themselves and with signal. The 3 
' 3 
d 

effective value of the noise voltzge within the limits of the 4 

& 4 
; passband By of the filter, following after detector, let us 
des. ynate Uwane. fhe ratio of the voltace of signal to noise voltage 3 

on the output of the square law detector is determined by the formula 

t 


It is here assumed that 28,< 8B, If 28,>8,. then into formala one 
should substitute unity for the relation 28,:8.. In tha aajority of ' 


cases 28, <8, ani in Jenominator under radical sign it is possible to 


disrecard oa in comparison with unity. The depth of moiulation M is 
usually lass thaa unity, which makes it possible to disc2jyard the 


term 2/2. 


Pormula (2-23) is derived on the assumption that tha frequency 


characteristics of the predetector part of the receiver are 
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rectangular. Invastigation shows (2.6] that the forn of 
characteristic with constant passband insignificantly affects the 
relation of the voltages of signal and noise on output. Therefore to 
admissibly use formula (2.28) with any form of characteristic, 
especially because the rectangular characteristic detaraiies the 


lowest sense of tae voltages of signal and noise. 


In tne case of linear detection of formula, they are obtained 


more complex. 
Page 44. 


However, it is passihle to show [2.6] that the results of linear 
detection differ less than by 7o/fo from the results af syuare-law 
detection in the identical sense of the voltages of signal and noises 
on the input of detector. For this reason to admissibly use and for 


linear detection formula (2.28) oc its simplified fora: 


TEM spe eae 2.20) 





With povecful signals U,>U,, the second term unier cadical in 
denominator can b2 disregarded and then 


Ureut a MEE Y/ Be Ue me (2.50 
Uw wus =e Un 28a _ M Vian 7 Uw! ( ; ) 





where U’,,—@,,/28,--18 the effective stress of noise on the input in 


passband 28,. 
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The relatioiship/ratio of the voltages of signal ani noise is 
determined with powerful signals exclusively by the passband of low 
pass filter, in this case it is assumed that its passband already, 


than the half of the passband of high-pass filter. with vary weak 





signals it is possible in exp -: ion (2.29) to disregarjd anity in 
u? 
cosparison with —<~: 
ae 
2 ——— 2 
Ueaws  / Gm Le Be SOM) ig 
vst = OMe ai VOM E ragae 280 


In this case the celationship/ratio of the voltayes of signal and 
noise on output izpends +o identical degree on passbands 3n high and 
in low freguency, this relationship/ratio proves to be inversely 
proportional t9 syuare voot uf certain eyuivalent band, equal to 


geometrical mean from passbards in hi: and Louw frequancy. 
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2.4. Selection of passband. 


Maxinzu®m passbani is detcecuine) by that navigational information 


which will hear the ciygnal. Cne s: oul) distinguish saacch, either tha 
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initial determination of bearing, and tracking, or th3 corsecutive 
determination of bearing with the motion of the oriented cadio 
station. During search the signal must he reveal/detectei in certain 
direction for time 7, which is assigned by the duration 9f signal or 
by the conditions of work. In systems with sotionless antennas, the 
signal is detected independent of its direction and passband must he 
sufficient only for providing the complete establishment of signal 
for time Tn It is known that the passband is connect34 with set-up 
time by the celationship/ratio 4 
B ap (2.32) 
which determines required passband. In systeas with the rotatable 


antennas, which possess directivity, the retention time of signal 


(t 


within the limits of the main lobe of radiation, which has equivalent 4, 
will comprise q 
a T.8, as ae 
S550 (2.33) 
and the passband, which ensures the establishment of signal, will he 
i] ras 9 ; 
B hae i . (2.:3-4) 
Here 7, is taken as equal to the period of the rotation of antenna. 


Actually passband must be wider, since usually singl2 jate2ction 


insufficia2nt. 


Tie comparison of formulas (2.32) and (2.34) shows that the 


passband and, consequently, also the intansity of nois23, is 


considerably abov2? 31 the case of the rotatable directed systea.; 
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{ 
‘ however, aven, the power of signal, which can be extrast2ji from the 
ae EN 
: incident wave in this case, is above, since it is proportional to k. 3 
' ne d. Since here is examined the effect of directivity only in F 
4 % 
: horizontal plane, 
4 on 
} D, = % 
roa Page 46. : 

The ratio of the o99wer of signal to the intensity of nois2 will be 
proportional 

D; 

‘ a Sly 


for both systeas. 


With trackinjy the moved target/purpose, the rate of the 
establishment of processes in receiving indicator must ba sufficient q 
in order to reflazt changes in the bearing. If are assigned the 
permissible error of measurement 4 and angular rate 16/it, then time 
of the detormination of bearing in any position of object aust not 
exceed 4/(d0/3it) and, therefore, passband sust be not less than 

Bree (2.35) 

A greatest change in the bearing of the object, which aoves at a rate 
of v at a distanca & from direction finder, will be when rate is 


perpendicular to line of bearing. In this case ¥ 


dd sn ct 
dt R 
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and formula (2.35) can be rewritten in the forn 

Bey, 
Substitution the yiven formula of the aost unfavorable values of the 
entering it quantities shows that on the basis of the cate of 
processing about bearing is admissible the applicatian/usa of narrow 


passhands of the order of the units of hertz. 


The virtually used in radio direction finders passbands 
frequently are considerably wider, which is explained by the 
technical difficulties of the tulfillment otf radio direction finders 
with very narrow passband. Thase difficulties first of all are caused q 
by swinging of neterodynes and filtering circuits of recaiving 


indicator, and also the generator of transmitter. 
Page 47. 


Swinging Leads fizst of all to the need for frequency seatch with 
tuning within tha limits of certain band of frequencies Ff, besides 
seacch examined above azimuth. In the theory of frequency search, is 
known relationship/ratio [2.1] 


Kn 7 
joy = i 


where ris tina of observation. 


Utilizing (2.33), we obtain 


oa VA, 9 26 
B= y Te 9° (2.36) 
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The band, determwiaed by formula (2.36), can be considacanply wider 


than determined by formula (2. 34). 
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In some systams of radio direction finders (two-channel, 


“dl 


phase-meter, atc.) the detuning of receiving indicator relative to 


a Signal fr2quencsy »2r the detuning of its cell/elewents of celatively 


each other leads 


am, 


to the onset of the errors whose valu2 jrow/rises 


@ther conditions being equal,) with the contraction of passband. This 


= 


fact also forces to apply passbands wider, than maximua parmissible. 


Aas 


These questions ace examined in more detail in chapter 8. 
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; In the case of application/use at the input of th2 caceiving 


indicator of local nodulation, wide passband is required only in the 


were cee 


cascade/stages of the high and intermediate of frequencias (to 


detector). Passband in low frequency (after detector) can be 


3 eae ERT ALS 


- 


undertaken narrow in accordance with asyaptotic relations (2.34), 


(2.36). During the interferen-e level of this circuit, »ne should 


5 consider the effect of detection on the relationship/ratio intensity 


Wd reese omer tas 


of signal and noise - with weak signals unfavorable (see § 2.5). 


In certain cases for simplification in the circuit 9 


equipment/device, it is desirable to realize reception 3 
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supplementary information (identification sagnals, official calls 


etc.) on the sage receiving channel with the aid of which is 


fulfilled the dicaction finding. 
Page 48. 


The passband, ceqyuired for this (for example, with telephony), can be 


considerably wider than with direction finding. 


2.7. Sensitivity with the reading of bearing on the miniaua for 


audition. 


When the output voltage of signal during the rotatizn of antenna 
falls below known value, operator's eye/zar ceases tt) accept signal 


as a result of th2 masking erfect of noises. Let this iisappearance 
of audibility occur within the limits of angle from @ - 8) to 6 + @, 
where G is the true bearing. The angle 289 within which is not 


distinguished tha aujdibility in telephone during the rotation of 


antenna, he is called the angle of silence !,. 


POOTNOTE '. Tha sabs¢quent conclusion/derivations are valid in the 
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case of antenna 2ffect when audibility with direction finiing 
completely does not disappear, but is observed the angl2 of the equal 


to audibility. ENDPOCTNOTE. 


Determining bearing for audition, we can establish/install antenna in 
any position within this angle. Consequently, a maxiaua error in the 
determination of bearing is equal to @g. The reading 2f b2aring 
somewhat is more precisely formulated, if we find the boundaries of 
the angle of silence and then to accept for bearing thaic average q 
value. AS a result of the indeterminancy/uncertainty of the 

boundaries of the angle of silence, the possibility of error is 

retained also in this case. An average (in absolute valua) arcor in 

this detecmination can be accepted on the basis of experimental data 

as the equal from one eighth to one fourth of the angjgl2 of silence 
depending on the skills of operator and time, spent on the 


fulfillment of reading. 


Let us find the dependence of the angle of silenca 91 noise 
level at the output of radio direction finder. In this case, by 
account the physislogical special featura/peculiarities »f hearing 
aid. Audibility is vroportional to the logarithm of tha power of 
sound. If Pg is the power, which corresponds to threshold of 


audibility, tien audibility will be (in 1B) 


L= 10g 2. ! 
e 
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In radio jicection finders they utilize beat reception with the 


aid of the heterojiyne, voltage on detector from which considerably 


exceeds aS voltajg2 of signal, so, and noise voltage. The process of 


detection (frequency conversion) under this condition it is possible 


to consider liuearc and the relation of the intensitias 9f signal and 


noises at output eygual to the same relation at input. 


Page 49. 


Net vower, dzveloped with signal at the input of resaiver, is 


egual to 
P be E*n? FP fi 
ec aR, % (4), 


where F(@) ~ the standardized/normalized radiaticn pattern in 


horizontal plane. 


The power of interferences was determined by formula3 (2.23) and 


(2.24"). The total power of signal and interferences i3 ajzual to 


h? 
P= Pe + Pron = (EMF (0) + Ey, | Rm 


Let us select the beginning of the calculation of tha angles of 


rotation of antenna so that with 9 = 0 F(@) = O. When antenna is 


located accurately in initial position @ = 0, audibility is equal to 


Enoule’ 
L, = 10 lg aR, 
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‘ During the rotation or a..tenna through smali angle 65, th2 audibility 


will become equal to 


Foo + EtFH(H) 9 
—TRPa a 


We hence obtaia an increment in the audibility 
pace ear ae 


L,= 10ig 


sdilinas Abela sec aaa bit md ha i bidet: judul 








Considering in last/latter expression the secon] t2ra under log 


Ef Sy sign small, approximately we obtain 
' OL = 4,34 So) 
i : nom 
Bs, or 
a ae 
i OE Enum “i 
; r -Es= E,=Y 25 Fiee) * 2.37) 
, : Page 50. 
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The obtained strenugth of field E, determines the real 


sensitivity of radio direction finder, i-e., 


oe ten] 


that strength of fieli 


which is ceguirei for the reading of bearing with the error, which 


does not exceed the assianed marnitude. 
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Being given any increment in the audibility AL ducing rotation 


at Te es 


by the antenna of system throuyn angle 4) from the position of 
bearing, it is po3asible from formula (2.37) to calculate the required 
strength of fieli. 


For jetermining the instrument/tool sensitivity of cadiv 


direction finder, i.e., Sensitivity in the absence of dutzide 
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interferences, it suffices to place A = 0. In this cas2, Enu=Eac and 


the instrument/to21 sensitivity 


AE Fase 
4,34 F (8a) ° 





Eun = 


(2.38) 
For the small values of angle 65, only and being of interest in 
practice, with direction finding on the minimum, taking into account 
that F (0) = 0, the value of function F(8@,) can be prasented 
approximately in the fora 
F (44) == F’ (0) 4. 

After substituting last/latter expression into formulas (2.37) and 
(2.38), wa will obtain 

mV oe Sty. Em eat 230) 


Hearth AL is her3 understood the minisue incregent in the audibility, 4 





detected by eye/ear. This value depends on the subjective special 


feature/p2culiarities of observer, passband of receiver, absolute 


sound intensity, pitch of the tone and other factors. 


Fxpec.amental data show that at average value AL lie/cestsS within 
limits 0.5-1 dB. 


The angle @9 on boundary of which the signal is d2atazted that 
during tha rotation of antenna, it is equal tom one-half angle of 


silence and deteCaines the accuracy of reading of bearing. 


Let uS acceot as an example the permissible reading arror 0.59%. 
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Since a reading error comprises (0.12-0.25)289, the angl2 of silence 


must be 26, = 2-4, 
Page 51. 


finder these assuaptions froe (2.39) the real sensitivity of radio 
direction finder will be 
Ey = (10+ 27,5) fre 
a the instrumanat/tool sensitivity 
Euy = (10 + 27.5) Fy 
Prom this example it is evident that the instrument/tool and 
real sensitivity with the assigned reading error oscillat3s within 
sufficiently wide Limits dependiny on observer's subjective 
qualities. For th2 possibility of the objective comparison of radio 
direction finders, it is possible to standardize 4L and 95 with the 
assigneji accuracy of reading of bearing. Then instrument/tool and 


real sensitivities (Us. and E,) become completely deterainad, since 





absolute sensitivity, the noise field intensity and radiation pattern 


are determined experimentally objectively. 


From exprassions (2.39) it follows that the product of the angle 


RAT = SOP TEP MNTTITIPRIN, 
cw 


of silence by the strength of field is a constant valu2 for this 


s 
= 
=! 
oq 
se cat vena cad tans abRadb eit cleete Chineah hes eal ccd MAPARIBI ES Lebo ak andeacaccab tide toma ates herhch abbr ait acc cbc nnlesea 8 can pitt bl, 4 ; 


direction finder and the assigned wavelength: 
AL aon 
My == 2M E, = 2 vo Foy 
‘OE Exe 
aay 


le fee A a Ad. Ral 


Min = QNoEun > 2 
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Accepting AL = 0.5-1 dB and expressing angle @, in dejcaa3, we obtain 
: Scien ae 
My = (35-85) 2% 6 Mam = (35 + 55) 4° 
The product 2f the angle of silence by the strength of field 


calls respectively the real or instrument/tool module/asialus of the 
Sensitivity of radio direction finder and frequently they accept as 


the measure of its sensitivity. 


During the experimental determination of the module/aodulus of 
sensitivity, finis the value of the angle of silence at the aseasured 
strength of the field of signal. The definition of the aajle of 
silence, as has already been indicated that strongly it i2pends on 
observer's subjective special teature/peculiarities, what is an 
essential deficieacy/lack in the applicationsuse of a addr le/modulus 


of sensitivity as the measure of the evaluation of the sensitivity of 


direction finder. 
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Let us use the yiver. formulas to radio direction finjier with 


Sinusoidal cajiation pattern (loop antenna, two spaced vertical wire 


antennas, the goniometric systen). 
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Radiation pattern and its first-order derivative will be 
F(bj)=:sinh, F (0) cosh, 
with 9 = 0 
F'(Q) = 1. 
Then for sensitivity and for the module/aodulus of sensitivity we 


obtain the expressions: 


Ey = (10 + 27,5) Enon, 
Eng = (10 + 27,5) Exoe, 
M, = (39 + 55) Enou, 
May = (35 + 55) Eace.- 


2.8. Sensitivity 2f cadio direction finder during the us2 of 


comparison method. 


With direction finding for audition according to so@parison 
pethod, or as it dccasionally ceferred to as, according ta equisignal 
method, they cevolve antenna system, Simultanecusly changing over ary 
cell/elemants, which chanye radiation pattern 


227). 


(for example, see Fig. 


Bearing is read in that antenna position of system, in which th2 


audibility does not change during switchings. 
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4 


Piguces 2.15 depicts to the dependence of voltage U,, removed 


with the anten of system, from angle @ in two positions of 1 and cf 


2 switches. 
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be a di 
Fig. 2.15. Displaced radiation patterns, utilized with comparison 


method. 
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The positions of switch correspon? to the displacement 3£ radiation 


patterns to angle 6. 


Letters a, b, c, d, e, £ designated the points at which is 
satisfied the coniition of the equal to auaibility. As can be seen 
froin figure, there are many such points, which leads t? the 
indeterminancy/uncsertainty of bearing. For the exceptions2 limination 
of many readings, it is necessary to ensure Ssingle-lobe cadiat ion 


pattern or at Laast to considerably attenuate/weaken all wainor lobes. 





After Selectity as reference point the angle, which sorresponds 
to peint J of the intersection of the main lobes of radiation, we can 
present the first diagram as F (6 + 6), and the second as FP (6 - 5). 
Considering both Jiajgrams symmetrical relative to straight lines ¢6 


and -6 respectively, we can write 


F(E)i= FF (-- 8): 
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Due to inacciaracy in the determination of the equality of 
audibility near point d, can be obtained an error in the bearing. For 
example, the eguality of audibility can be determined not at angle 6 
= 0, but at certain angle ¥ = Og. Magnitude of error depends on the 
relationship/ratis of the voltages of signal and interfecences on the 


output of radio direction finder. 


The sensitivity of radio direction finder with diraction finding 
according to comparison method let us call/name, as earlier, that 
Dinimum strength of field, which provides the possibility of 
direction finding with the error, which does not exceed csartain 


assigned magnitude Aé@. 


Por deteraininy sensitivity, Jet us find the total power of 
signal and interferences on the output of radio direction finder in 
two positions of switch, which correspond to radiation patterns 1 and 
2: r 

: ' Ay 
P, = Paow + EMF? (4 + 8) RO? 
£ 
hey 
P= Prom + EF? (4, a 5) 4p. 4 
4R, 


where Puow it is determined by tormula (2.26). 


Fage 54, 
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ts 
eI 
iS Ar increzent in the audibility during transition from position 
id of 1 to position of 2 will be E 
~ EF (4, + 3) 
e 6L—1 ic sae ; 
. Olg 5 101g nr, — (2.40) 
at 
i It is decomposed expression for a radiation pattern in Taylor 2 
series, considering angle 6 spall: 
g F (0, -4- 8) = F (8) + 6,7" (5), 
F(4, aS 3) =. F (6) ae, 0,F" (8), 
ee F? (Gq > 4) = F? (5) +- QF (8) F* (8) 4, 
FY (4, -— 8) = F* (8) — 2F (4) F’ (8) 9,. 
‘ After substituting these expressions into equation (2.40) ana 
i aftec using the formula of the approximation calculus 
ig LEX —0,868., 4 
, when xX << 1, we will obtain 


SL = 8,68 2 EMF (8) F’ (8) 


leu + CFs (3) 
Hence we find 


eee Al 2.41 
BW a 17,350,/ (3) F’ (8) — Ole Ft (§) Fnow- ( ) 
Lastylattar expression determines the real sensitivity of radio 


direction finder. 


a) 


For Jetecaiains instrument/tool sensitivity, let us place A = 0. 


Then we obtain 


aE | ANSE 
Ew=V 5 17,359, F (A) F (&) —- SLFr() Ease. (2.42) 


Prom the dJbtained expressions it is evidant that the sansitivity 
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depends on the value of the anyle 6 of the displacemant 9f diagram, 
There is a optimun anyle of shift of diagraags, 


sensitivity. 


As an exanpl2 of the application/use of the given formulas, let 


us examine the circuit, presented in Fig. 2.7. 


Page 55. 


The cadiation pattern of this system is deterwin2] by the 


formula 


a ip cost Eesin’ 2.43 
F (4 8) Vis (2.43) 


h 
where al a is celation of the effective height of framawork B and 


A. Signs + in fFocauia correspond to two positions of switch D. From 


expression (2.43) it is possible to obtain 


F (6) ==sin(u8),  F’(4 +8) = cos (i 4), 


eeere ee go, 


sind’ =— . cosé== —— 


yrs Yren- 


After substituting these expressions with @ = 0 into formulas (2.41) 











and (2.42), we find the real and instrumant/tool sensitivity 


Ey= re, V race “8. 686, sin Sia Sa — Aisin? s Evom (2.44) 
OL Pare 
bey aie ips ATE? BOVE Fase: (2.40) 


The strength of field E, and Ex. have a minimum vith 


which ansures the best 
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2 17.366, ) 
IG Bone aE 
or with = (2.40) 
— SL+V (OL) + 07.30) 
Four = 17, 300, ; 


he minimum strength of field, which corresponis to. the best 
real sensitivity, will be, considering 4L = 1 dB: 


Esmee a Se 
p Maa AO / Vi + (7, 368,)* _ 4 (2 ) 
Respectively for ainimua instrusent/tool Sensitivity it is 





possible 
to write 





= ian: Se 2 
Equ.nns = Egoc V VYiqurioye—1 (2.48) 
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Ir Fig. 2.158 is constructed the dependence E,/Enuu on angle 


equal to audibility 26,5 at different values of n and with AL = 1 aB. 


In this same figure is represented the same dependence fs On 20, 


nom 


with direction findiny on the miniscum. 


Prom the fiyure one can see that tha sensitivity witna mininum 
: : ee E 
direction-findiny method proves to be above (ety less) at smal. angles 
nom 
of the equal td aiadibility. at the large angles of the equal to 


audibility, on the contrary, is more favorable the coapacison method. 


this same conclusionsderivation can be otherwise express21 as 
follows: in the Large ratio of the strengtuh of the field of signal to 


the noise field intensity for direction finding, is more favorahle 
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minimum method, in small ratio cf the strength cf the field cf signal 


to the noise field intensity - conparison method. Fi 
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Fig. 2.16. Depend2nce of angle of equal to audibility on interference 


level. 


Key: (1). Miniaua method. 
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From the @xapination of formulas (2.39), the relating to 
direction finding on the minimum, and formulas (2.41) ani (2.42) for 
an equisignal method foliows that in hoth cases with tha assigned 
accuracy 2f readiny (40) the sensitivity of radio diraction finder 
depends on the following factors: the sensitivity of cecorder (the 


hearing aid of operator), the slope/transconductance df cadiation 


pattern near the value of angle, which corresponds to the pinimun of 
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: reception, and fram interference level. In the case of equisignal 





leads to indetersainancy/uncertainty with the reading of bearing. This 


- 


a 


Sy é 
an " 
$. method, has a valiuc also the amount of the mutual displac2ment of 
i dake: 
3 radiation pattarnas. The effect of lastylatter factor was already 
rS 
E : examined, 
iz 
Fo: 
Fe The sensitivity of radio direction finder is improv2i with an 
: increase in the slope/transconductance of radiation patt2cn P* (8), 
. iwe., Guring the application/use of the highly directional antenna 
‘i 
x systems. A defici2ncy/lack in such antenna systems iS an which is 
f . inherent in them unltitude of directions of zero receptida, which 
F 
t 
t 


indeterminancy/uncertainty can be cemoved by finding tha nain lobes 
of radiation of the sign/criterion of the greatest intensity of 


reception. 


rere 
Be 


On saort and especially on medium~frequency waves the execution 


of the rotatable aighly directional antenna systems is extremely 


hinder/hampered also in certain caseS virtually impracticably, since 


AT er repre rece” 


the size/diimensiors of antennas with acute/sharp radiation pattern 
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nroe: 
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must be great in comparisor with wavelength. 





yw ee 


The use of tne pencil~team antennas in uSual goniometric syste 


is inpossible. In § 3.11 are given the descriptions of the methods of 
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pattern for direction finding, With the shortening of wavalength, tha 
size/dimensions of antenna systens decrease also on ultca short 
waves, especially into the ranges of uicrowaves, highly directional 


the rotatable diraction-finding antennas prove to be aasily feasible. 


Por lowering in the interference level both external and 
internal the passbani of the frequencies of the receiver must be made 
narrowest possible. It is necessary to k2ep in mind that the 
effective bandwiith, entering formulas (2.39) and (2.41), aust 
consider the selectivity of tre heariny aid of observer. The 
character of nois2 in telephone with the contraction 9f passband 
changes, approaching the Simple tore, which coincides with the tone 
of signal, Which impedes the discrimination of signal. For the 
indicated ceason the passban’ of auditory direction fini2r can be 
accepted by the approximately eyual to 100 AZ independant of the 


passband of radid engineering circuit. 
Page 53. 


The latter nevartaeless must be made narrowest possible for a 


decrease in the interferences from radio stations. 


The ways of a decrease in the resulting noise fieli intensity 


are. examined ints § 2.5. 
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2.9. Sensitivity with direction finding on the minimua of the depth 


of nodulation. 


Modulation 9f siynal whose depth depends on bearing, is realized 
by the adiition of the modulated voltage, which enters from the 
directional antenia, for example the framework, with voltage from the 
omnidirectional antenna, see Fig. 2.9). The block djagcas of cadio 
direction finder is represented in Pig. 2.17. If E is stcangth of 
field, kyw— the 2ffectiveness of the framework, %&— the 
effectiveness 9f antenna, py and fay— the transmission gains of a 
sodulation-aaplifier eyuipment device of framework and amplifier of 
antenna respectively, 2/2" - modulation frequency, w/2* - signal 
frequency, then at the point of the addition of the voltages (at the 
input of high-frequency amplifier) we will obtain voltage from the 
frame work 


Uy = Y 2Ek, ky yF (4) sin OF sin of 


and voltage from the antenna 
Ua=V 2Ekgkyysin ol. 
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Fig. 2.17. Block liagcarm of radio direction finder for direction 


finding on tha minimum of the depth of modulation. 


Key: {1). Framework. (2). Amplifier-modulator of the fraxawork. (3). 


Antenna. (4). Genarator of LF. (5). Detector. (6). Amplifier of 


antenna. (7). Indicator. 
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The total voltage 
“=U 
-f/ 9 [) 9. Beker coe: lie = 
=f aehafey || Toe F (4) sin au Sith ol = 
aXay 
=V QU, (1+ Msin Of] sin wf (2.49) 

is the moiulated »scillation/vibration. The depth of meiu]ation, 
which is the function of bearing, is equal to 


M= 


Rekvy EF (y) <= MF (9). 


Rakay 


j 
4 
“2 

i 

a 

4q 

F 

a 

a 

3 

i 

3 
4 

1 

4 

i 

4 
a 
3 
: 
4 


i 
Sata ite Mab aeadll ts oo 


wae Sam ideas 


owe 


Pe et anes 


amie 


ake ek ak tw oe 


ye See SE Re 7 
oT. 


es poc = 77223203 PAGE 3 [o> 


Alonjy with 3ignal at the input of a modulation-amplifier 


-, 
a Ee. 
Fi ~ 


equipment/device of Framework and amplifier of antenna, will operate 


se 


- RL TALS 


noises and interferences the spectral density (on voltaj2) &uy and Crna 


respectively: 


a 
. >, Atk 
bu V GR | (2.50) 
i Au} 
tun #, +22 | 
jo. where &up— the spectral density of inherent noise at the input of a 


podulation-amplifier eyguipment/device of the framework; 


Suwa- the syactral density of inherent noise at tha input of the 


Pal 


amplifier of antenna; 


, A - the Spectral density (on the ctrength of fiali) of outside 


interferences. 


Inherent noise in the channels of the framework and antennas 
originate from different sources and are Statistically iniependent, 
Outside interfareices with certain approach/approximation let us 
os examine just as statistically independent variables, in view of the 


fact that directional characteristic of the framework ani antenna 


completely differant. 
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The resultiny noise voltaye and interferences on th2 input of 


high-frequency asplitier wili be equal 
Unow = WY (Baty = Ee Be B, = 


a [/ Fi 5 Zin Moe si, Ar] By. 2.51) 
Rakay V (Gee tp, ) 75 De | ( 


where f,— the effective (is noise) passband of high-feaquency 


amplifier. 


Tre relatioriship/ratio of the voitaye of signal ani aoises, 
deternuined py formulas (2.4), (2.51), will he preservai at the 


output of linear high-freguency amplifier, 2.e., at tha input of 


detector. 


For deteraiaingy the relation of the voltages of signal and 
noises on the outout of detector, we will use formula (2.29). 


oe 


{ e Put M sng AON. ‘—- 
Wea aoe V IB. U:. 
tut 
Substitution int> this formula of value Y, and Uy. according to 


(2.49) and (2.51) gives 
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(2.52) 


The low-frequency stress compunent of noise on output, IDarating on 


indicator, they will cause chaotic beat of the pointers whose 
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root-mean-sqyuare an value is proportional Uyon:. The voltage of signa!’ 
will caus2 systematic throw of pointer a, proportional U-. Observer 
notes the throw of pointer, caused by sijynal, if it ast too little 


relative to chaotic oscillation/vibrations, i.se., with 


where C - the coefficient of discernability and in experimental data 
is egual to 0.5-1. for determining sensitivity, i.e., th? minimuo 
strength of field, which ensures a sufficient coefficient of 
discernability during the assigned divergence of the fraaawork 09 
from the position, which corresponds to the bearing with which F (6) 
= 0, is decomposei by F (6) in Taylor series, being liaited to the 
first, by the ‘ern 


F (9) =F" (4), 


where 0, is small deviation of anjle @ from zero. 
Page 61. 


Let us designate 





2Bu 
Cc “a é 
“50 Fay (2.53) 
-" 


and is susaveu equation (2.52) relative to £E 
ec a ae een enna 
si MB +2" jBe (Cot V Cot Came} 
E= " , te ene: ee ae on ee 2.54) 


Mi . 


Let us examine the ef fect of different factors on sensitivity. A 





Et aleed 
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decrease in the tirst factor under radical sign can be reached by an 
increase in the effectiveness of the framework and antenna. Copying 


this factor in the expanded/scanned form, we obtain 





S 2 
e ‘ a oC At 2 Suny At 2 
Sens See Bt mt Ete: 
p a 


An increase 4, 2ad k, is expedient until the voltag2s 3€ the 
inherent noise of the channels of the framework and antenna, 
converted into the circuit of the framework and antenna, become small 
in comparison witn outside interferences. This conclusion/decivation 
coincides with analogous conclusion/derivation for direction finding 
in the minimum. With the predominance of outside interferences, it is 


possible to consijer that 


2 2 
ony Ons 
or a — 7 2 
os a 


Formula (2.54) will taxe the fora 


Sap WV Be (r+ M4 (1+ VT FMC!) 
E= aa ae C, a ee 


2.54 
me ( ) 


Pigures 2.18 depicts the dependence of s2nsitivity on th2 modulation 
factor at the different values of parameter Cg. The required strenyth 


of field sharply jiescends with an increase in the modulation factor 


up to Mo = 7. 


Page 62. 
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With the further increase My, is observed either ninimua & at the low 
values Cy or the Slow, smooth decrease E at the large values Cg. 
Hence it follows that is expedient to select My equal to 1-1.5. The 
large values Mj, iaving little effect on sensitivity, are unfavorable 


in other respects (see § 38.1). 


With that which was assigned M, the sensitivity is iaproved 
ducing a decrease in parameter Cp. From formula (2.53) it follows 
that for lecr2as> Cg it is necessary to utilize the nacrowest 
possible frequency band in low frequency, and also, if this is 
possible, to increase mutual conductance of directivity. Usually in 


this type radio direction finders F (@) = sin@ and P* (0) = 1, 


The given results, obtained on the assumption that ocedominate 
outside interferences, retain their value also for that tase when 


predominate inher2nt noise. 


If we accapt in accordance with the given considerations My = 1, 


Co = 9.25-1 and C = 0.5, then real sensitivity will be expressed by 


the formula, obtained from expression (2-54') : 


He VoR. — 
aay ne 1, - Seer 
Ey ue ers 
3 (90 + 130) —, VM. 
a ke Sa Fay | 


Passband #8, is datecmined by all circuit, following after detector, 


including the band of the susceptirility of indicatoc. Tha latter 


quite frequently letermines the resulting passband. 
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4 
& 
i 7 Fig. 2.18. Dependance of sensitivity on modulation factor. 
< 
-_ 
ae SS Page 63. 
: ” 
: 
é 
2.10. Sensitivity with direction finding by phase-differance method. 
C 
: . The measuremant of phase consists always of the comparison of 
. u 


two oscillation/vibrations a phase difference of which is determined. 
It is possible to distinguish two cases: 1) one of the 
oscillation/vibcations it is virtually free from interfer2nces and 


only the second is accompanied by interfarences, 2) both 
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oscillation/vibrations contain both the siqnal and the interferences. 


Let us examine the first case. It is known that noisa voltage 
can be presented as oscillationysvibration with randoa asplitudes Una, 
and random phases Yuu Density distribution of the probability of 


amgplitudes follows Rayleigh‘s law, and phases are accapt2i 


te 


equiprobable. Stoce/adding up the voltage of signal aai disturbing 
voltage, we obtain the resultiny voltage with phase displacesent 
relative to signal (Fig. 2.19). It is obvious that value , is also 
random variable. Probability density of its is determinai by fornula 
[2.2] 

W (p) == * ee (1/29 cosy) eo" i", 
where g is ratio »f actual stress of signal to the effective value of 


disturbing voltage; F(V2gcosuje"*""* — Laplace function. 


With weak signals (gq a 1), expanding Laplace function in a 
series, it is possible to obtain 4 
W (= ge te, a 
Average value is equal to zero, and the root-mean-square : 
deviation 3 
4 = — 2Y 29. (2.55) q 
With powecful sijaals (q » 1), utilizing an asyaptotic 
representation of Laplace function, we obtain 


W (year Oh 
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2.19. Addition of voltages of signal and noise. 
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Distribution noraal relatively y. with sean deviation yp = 0 and 


with the coot-mean-Square deviation 

1 
=> =< =:-. 2.56 
‘= 75 (2.06) 


3 


The depenience of root-mean-square deviation «, from q with respect 
to forauvlas (2.55) and (2.56) is represented in Fig. 2.2). The 
Section between the fields of the applicability of both foraulas is 
interpolated. In the case in question tha obtained deviations of 
phase under the affect of noise voltage are full deflections, since 


the phase of the second oscillation is rigid. 


In the seconi case the phase of the second oscillation is also 


subjected to Jiverjgence. The resulting divergence grov/rises. 
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Fig. 2.20. Dependance of the coot-sean-squace deviation of phase froa 


tae relationship/eatio of the voltages of signal and noise: 1 with 
weak signals; 2 - with powerful signals. 


Key: (1) Jeg. 
Page 65. 


With 


the poverful signals vhen the distribution of the ijeriations of 
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phase normal, root-mean-square deViation grow/rises j/2 oace: 


—)75_ -—-! at 
323 5 (2.57) 


Computation 9€ root-aean-square deviation with waak Signals 


gives nae 
4= V > — ng". (2.58) 


The Jependeace of the root-mean-square deviations of phase frosa 


the celation of tae voltages of signal and noise for the second case 


is also represented in Pig. 2-20. 


A phase difference of signals will cause during eaasiarement 
offset of arrow/posintec a, but deviations obtained above will cause 
beat of pointer. AS a cesult of the inertness of measuring ameter to 
it, will operate those spectral cosponents of the deviations which 
lie/rest within the lisits of its band of susceptibility 4, Thus, 
root-mean-square throw of pointer as a result of the effect of noises 
will be proportizaal to the root-sean-sgueare deviation of phase and 


to square root of the relation of passbands after and to phase-aseter 


cell/elesent !. 
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4. This consideration is correct with powerful Signals when 3 


deviations of phase follow norma) law. With weak signals pecause of a 


change in the fore of the spectrum, the given relationship/ratio is 
approximated. ENDPOOTHOTE. 


Observer will note systematic deviation when 


a>a,C, 
where C ~- the coefficient of discernability whose value can be 


accepted agaual to 0.5-1. 


Taking into account that 


pole Bo 
— tama Coon V Bs ’ 


and utilizing (2.55), (2.56), (2.57), (2.58), we obtaia tae formulas, 
which determine sensitivity. 


Page 66. 


Poc the first case (one of the oscillations it is free fros 


inter fereaces) : 


“ or 
pe (ee aumV2G, with weak signals, 
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8 a Ere Ee witb powerfal signals. 
(2.59) 


for the second case (both oscillations contain interferences) : 


faenV 88 ¢ with powerful signals. 
(2.60) 


paar as 
B= bum V 2) 4-3, with weak signals, 





_ 
t 
a a 
ae 


The measure] phase difference is approrimatoly proportional to 
i the bearing 
” = k,0. 
Scaling factoe &, can be more than unity. After supstituting 
into forsulas (2.59) and (2.60) 4&,/, instead of y,, let us determine 


the sensitivity of direction finder. 


201%. Sensitivity of two-channel radio direction finder. 


The noise voltages in two-channel radio direction fiader enter 
op plata X and Y of cathode-ray tube, as is evident from fig. 2.13, 
it is separate from channels 1 and 2 respectively. Woise voltages are 
the randoa variables, distributed according to noraal Law. According 


to this same Lav ace distributed the deviations of focus along X-axis 
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and Y, proportional to the appropriate voltages. 


Page 67. 


In the absence of the signal of the probability of the jJaviation of 


values x and y, ate respectively equal to 


setiy se 

Ww i a9? | 

(x) = Vane, e€ i 
aie (2.61) 

J 


} 22 


W (y)= 





VY 220, : 


where >, and % are the root-sean-square deviations, proportional 


to the appropriate noise voltages. 


Probability that the focus will have coordinates x and y, will 
be definei as coabined probability of two events, th3 probability of 
@ach of vhich is Jetermined by foraulas (2.61). It is possible to 
count that the noise voltages in two channels are statistically 
independeat and combined probability is equal to the product of 
particulac probabilities, i-e., 


? ? 
-{-5+ =) 
' a? 2s? 


W (x, y) = W (x) W (y) = ev ae 


Inte, 
bet us detecaine locus, the probability of remaining at which is 


constant. This will be also the geometris place of the odints, mean 
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retention time at which the trace of electron bean is ijerxtical. 


- 


Since the brightness of point on screen is proportional t> tise of 


remainiag on it of electron beams, locas in guestion will se curve 


equal to brightnass. 


From formula (2.62) it is evident that the probability vill be 


constant, When 


x? 
2 
20° 





y* _ 2 
+o = K- 
v 


Fhis eaguation of ellipse. 
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I€é channels are coupletely identical, the effective values of the 
noise voltages in both channels egual to dx=o, * @ and ellipse is 
converted into the ciccumference 

e+ yim! 
Image on the screen of cathode-ray tube will represent circle vith 
the brightness, aarxinam in center and which gradually decreases along 
a radius. If we to plates feed direct/constant voltayes, the calling 
deviations X, ani Yo, the center of circle will aove into points xo, 


Yo. But if we to plates feed the voltages of the signal 


U. =U. cos 4sin of, 
U,~ U,sin¥sinoef, 
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the center of cirzle will be moved on the straight line whose 


pararmetcic equations will be 

x =acoshsinal, 

= @ sin §sin ef, 
and aagle of inclination relative to y axis is equal t> bearing 8. 
Image on screen will be approximately rectangle sith the luainous 
intensity, which Jecreases on perpendicular to its centee line. 
Bearing is counted off on center line of rectangle. Because of 
indeterminancy/uncsertainty (it is more precise, tO abSense) the 
boundaty of rectaagle the reading of bearing is condacted with 
certain error. The maxiaua length of rectangle is equal t> a. If we 
the width of ractangla conditionally rate/estimate by value 2, that 
saxiaua possible error vill be expressed as 

Ab, = tg O52 

The bean deflections on tha screen of cathode-ray tube are 
proportional to tse conducted/supplied to plates voltages, and 
receiver-amplifier device is linear systas. The vaiue of the lipit of 
error Can be a@xpressed by the relation of the voltage of signal and 


noise on the input of the receiving indicator; 


tat Enon . 
A4, = Wo et (2.63, 


Experiaent shows that the mean error Composes approxisatelv one the 


twentieth from angle 2489, if we beyond the arbitrary bouadarcy of the 


width of strip on screen accept square Bean Pu. 


Mon oa 
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2-12. Interference shielding of radio direction finder. 


Onder the effect on the cadio direction finder of two signals, 


fundamental and mixing, readings of bearing for a fundsasaital signal 


can change. 


The ability 2f cadio direction finder to preserve vithin known 


liaits his accuracy in the presence of interference he is called its 


interference shielding. 


The interfersoce shielding of radio direction finder 
characterizes .he noise field intensity which causes the error, which 
does not exceed the peraissible value. The higher the noise field 
intensity, those, obviously, is better interference shielding. The 
noise field inteasity, which characterizes interference shielding, 
depends on the strength of the field of signal, value of Jetuning in 


jamging frequency relative to signal and from solid anjla betveen the 


directions of sijaal and interferences. The aoise field intensity 
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usually is assigaed relative to the strength of the field of signal q 
(in dB). Por the experimental estinate/evaluation of real 
interference shielding, is required the conprehensiva 
exanination/inspection of radio direction finder, in ociae to 


establish/install the effect of the indicated factors. 


Interferenca shielding has different character on the levels of 
the signal and interferences, which do not exceed the lLinsac cange of 
the work of all quasi-linear cell/elerents (amplifier tubes and 
frequency converts s), and in cases when the levels of signal and 


interference exceed the limits of linearity. 


Interference shielding in linear (it is sore precise, 
quasi-linaac) aola/conditions is determined by resonance receiver 
response ani jiajcam antenna directivity. Thus far the levels of 
signal and interference do not exceed limits of lineacity, 
interference shielding barely depends on absolute sound lavel and 
signal and depends only on their relative value. The calation of 
disturbing voltaya and signal on output is equal to the sise relation 
at input, multiplied by the value of the relative asplification 
factor with the assigned detuning, and it is determined by the fora 


of resonance characteristic. 


fhe dicection finders at which entire circuit of saplification 
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and transfocmatioa of signal can be considered as lineaac, include 


auditory and two-channel radio direction finders. 


Page 70. 


In auditory cadio direction finders with beat ceception, the 
signal and interferences give at output the sound vibrations of 
difference fraquaacy. The hearing aid of operator distinguishes well 
the sounds of different tone. The discrimination of tws sound signals 
is facilitated still by the “semantic” selectivity: operator is 
distinguished thea by the character of work, On the sen3a of the 
transsitted taxt, etc. The action of interference does not cause, 
thus, systesatic error. However, powerful interferences aask 
fundamental signal, they impede the reading of beacing and lead to an 
increase in the subjective (random) error. With very powacful signals 


the reading of bearing becoses inpossible. 


In two-channal cadio direction finders with reading on 
cathode-ray tube, it is represented possible to count off bearings to 
signal ani interfacences separately and systematic ercror because of 
interference is absent. This phenogenon he is called "visual 


selectivity” and it is examined in detail in §8.3. 


in the radios dicection finders of other systens racaiving 
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circuit, is sabstantially nonlinear celi/element ~- datestor. 


Let us exarine action on the detector of two signals 
u, = A, sin (o,f +-9,), Fa 
u,= A,sin(ot+9,), 
where wi, Wee 36 6, are frequencies and the phases of two signals; 


Ay, Ag ace their amplitudes at the input of detector. — ¥ 


Taking into account the selectivity of receiving circuit, we can ¥ 
record q 


A, =Uyash (0), | 


(2.64 
A,= Usns f (™,), | , 


where Cine Cues ace asplitudes of stresses on the input of 


receiver; f(w) - cesonance receiver response. 


After designating we = wo, + dw, let us find amplituis and the 


phase of the resulting oscillation: 
u, tu, = U sin (o,f +- 4), 
UVEE EIA wll bares, | 280 
Ay sin gyi Ay Sin (Aw! +t 43) 


ey = ‘Ay COS #1 + Ay COS (Aw! +4)" 
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Both asplituie and the phase of the resulting voltigs vacy with 
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beat frequency du. If beat frequency lie/rests outside the passband 
ot low-fraquency replifier taking ijato account the bani of reception 
of indicator, tha latter does not reproduce beatings. Readings of 
indicator, as is evident from (2.65), they depend on aaplitude and 
phase of both cosponent voltages, which leads to the appearance of a 


systeaatic bearing error. The course of the computations of error 


depends on direction-finding sgethod. 


Without giving intermediate lining/calculations, we jive the 
results of tha cosputations of the error with different 
direction-finding sethods in the form Table of 2.1. Tabla is 
cosprised for tha square law detector and saeaill relative Jisturbing 
woltage (A2/A, << 1). It should be noted that with saall 
interfereaces the result of linear detection gqualitativaly does not 


differ from the quadratic. ! 


POOTHOTE §. This conficgation is related to linear inectia-free 


detector. Detector can be considered inertia-free during satisfaction 
of condition {1.1}. 





Ae At 
b0CuRe < Va ake 
Z i 
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where C.. Ru are a capacitance/capacity and the load ispadance of 
detector. ENDFOOTHOTE. 
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Besides already stipulated above in the table are acceptel the 
designations: 


& - an error, is glad; F(0) - radiation pattern; F'(8) - its 


derivative in tecas of 0; 9,, 82 ~ bearings of signal ana 


interferences 2i,, <- width of cadiation pattern at the level 0.7; 


J, (x) - tse Bessal function of first first-order kind; 2b - the 


distance between two spaced antennas; R - the radius of a cirsle of 
antenna location. 


Proea table it is possible to rgake fallowing conclasions for the 


radio direction finders, which use the recrified signal: 


4. The bearing error, caused by intecference, is proportional to 


the square of tha relation of disturbing voltages and signal on the 
input of detector. 


2. Bearing ecror the legaserc, the acute/shbarper caiiation pattern 
or more separation of antennas. 


Pages 72 and 73. 
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Table 2.1. 
(1) Metoa nesenrosanun | = Ooutsn Sopuyaa owndKn ea | gener Maxcunasens 
(3) Al F(6,—9)) | 
D —™ 7 
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Key: (1). Direction-finding aethod. (2). General forsula of error. 
(3). Saxieum arroc. (4%). The angle at which the error is saxisua. 
(5). On the mininum of aodulation factor. (6). The sage with 
cosinusoidal radiation pattern. (7). On the phase of aodulation 
factor: a) with cosinusoidal radiation pattern; bp with acute/sharp 
radiation pattern P(9) =¢es"64 with reading of saxinus. (8). On the 
phase of high frequency (radio direction finder with a cyclic 
peasurement of phase of). (9). On the phase of high fragaency 


(iuterferoseter with the motionless antennas). 


Page 74. 


3. Directioa of arrival of interference, which corces ponds to 
its aaxzinunm effect, that nearer to direction of arrival 9f signal, 


the acute/sharpec cadiation pattern or aore separation of antennas. 


4, Interfecaaoce shielding depends on sethod of direct ion 
finding. Froa the exasined aethods the best interferenca shielding 


possesses the metsaod of the cyclic seasucesent of phase in high 


freguancy. 


With powecful interferences begins the Overloading >9€ the 
separate cascade/stages of receiver, which leads to the appearance of 


combination and ccosstalk. In these cases the interferanss shielding 
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depenis on the distribution of selectivity between the saparate 
cell/eleaents of ceceiver. This question is exapined in the 
conmon/geaeral/total courses of radio reception. Some specific 
phenosena, characteristic to two-channel radio direction Finders 


under the effect of powerful interferences, are exanined into §8.3. 


The application/use of commutation or aodulation of signal at 
the input of ceceiver leads to decrease in the interference 
shielding. Interference just as signal, undergoes cosaagtation or 
wodulation. Spectcua of the switched interference consists of carrier 
and a series of the side frequencies, distant in freguensy froa 
carrier to the values, to the asultiple frequency of comautation. The 
voltage of catriec jamming frequency, if it is sufficiently detuned 
Celative to sigaal, is attenuate/weakenei during the passage of the 
selective circuits of receiver and at the output of detector can have 
the permissible low value. At the same tise some of the side 
frequencias cao hit the passband of receiver. The voltages of these 
frequencies they pass through entire circuit of ceceiver «ithout 
weakeming. Although the voltages of side frequencies on the input of 
receiver are muca lover than the voltage of carrier freguency, at 
output they can render/show sore than weakened by selectivity of the 
voltage carrying of frequency and exceed the permissible livit. The 
spectrum of side frequencies the vider, the higher the frequency of 


commutation, but the intensity by their the greater than Less flat is 
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the curve of comautation. With sodulation by sine voltage with the 
preservation/retaation/maintaining of carrier the spectraa contains 
only in one side frequency snizu and On top froa carrier. More 


intense side frequencies appear with Commutation with sharp 


transitions. 
Page 75. 


For a decrease in the interferences of cornputation, ona Should apply, 
when this is possible, commutation with the smooth incraise of 
tension. Is applisd also the closing of the input of receiver to tine 
of the course of the transient processes of comautatioa. In this 
case, the interferences do not operate on indicator. For the 
realization of this method, it is necessary that the band of passage 
of receiver would be considerably (order of 10 times) is sore than 


the frequency of commutation. 
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ANTENNA SYSTESS JF BADIO DIRECTION PINDERS. 
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In cadio dicection finders are applied the omnidicastional and 


Lee 


a 


directional antenaas. The fundargental parameters of the antennas 


pecs 


which must be determined for the calculation of radio jirection 


voPSE pI or 


finder, are entry impedance, efficiency, to effective height *. and 


cae 


directional charatteristic. 


POOTNOTE *. Besiiss effective height antenna can be chacasterized by 
: the effective or absorbing surface ({[ 8.13], h I, page 227-229). 
: EWDPOOTNOTE. 





During the jJatecaination of bearing, usually is utilized noramal- 
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polarized electromagnetic field (vertical electric field of wave). 
However, for the lifrectional antenna it is necessary to <0 
directional characteristic, efficiency and effective haizat not only 
with the ceception of norgjgal-polacized electrorgagnetic field (for the 
Calculation of tha effectiveness of radio dicection finder), but =lso 
the same characteristics vith the reception of abnoraal-pslarized 
electromagnetic field (for the calculation of the polarizational 


errors of radio direction finder) (see Chapter 6). 


It is sometines expedient, especially on VHF, to realize 


direction finding on the horizontal coapoment of electris field. 


The simplest antenna systems of radio direction finders have 
size/dimensioas (separation of antennas)less than vwavaleagth. Such 
systems possess 2oSinusoidal (figure-of-eight) directional 


Chatactefistic aai are applied in the foca of rotary oc astionless 
systenu. 


Page ?7. 


Analogously anteana systeas with the size/disensions, greater than 


vavelength, also are applied as rotatable or motionless systems. 


The width of the frequency band of the direction-finding antenna 
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is determined by the facts that at cut-off frequenaciss they 


deteriorate, rceacaing the maxiaurm permiasible values, sensitivity and 


the accuracy of radio direction finder. 


Are given below description and the calculation 9f tae 


paraasters of the antennas, used in radio direction finders. 


3.1. The wertical wire afitenna. 


The sisplest antenna is vertical wire. When electcoasagnetic wave 
during its propajpation reac’ ss antenna, it indeces in it eaf of high 
frequency, in consequence of which in antenna begins td. circulate the 
current of the saae frequency. This current causes the 
enission/radiation of the part of the energy back into space. Both 
processes in anteana - the perception of energy from space and 
retadiation of this energy - closely interconnected and ace, 
actually, the sanifestation of the single ability of anteona to 
interact with the surrounding field. During the study of the 
questions of dirastion finding us interest both processes. On one 
hand, the ve.tical wire antennas enter in aany instances as cosnponent 


part of the receiving system of radio direction finder, and here is 


utilized their ability of the perception of energy from the 
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progressive electromagnetic wave. On the other hand, rceraiiation of 
ahtenhas (both focming pact of radio direction finder and not 
entering it) produces change in initial electromagnetic field and 
thereby it can darcange of direction finder. The effect of reradiation 


of the adjacent antennas is exagined in chapter 5.. 


Recall] briefly some fundagental properties of the vertical wire 


antenna (vibrator) . 


Vibrator can be from the which anterests as point of view 


approximately considered as long line with losses. Zz 


Page 78. 


Entry ispedaace of this line is expressed 


Zax =P. Cth Yl. (3.1) 


where p, is aquivalent wave inpedance of the vibrator: 


Pe = Foi I — jt); 


’ 


(, > the wave fepedance of vertical vibrators; y - pcopagation 
constant: 
Y= set im, (3.2) 
\ 
Sn - decay constant; = = 2e/d.~ is constant of phase 


displacement. 
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In practice ace applied Syametrical and asyasetri: vibrators 
(Pig. 3. 4) » 


Let as examine the characteristics of syanetrica) vibrator. The 


wave ispedance of vertical symraetrical vibrator in frag Space is 


designed at small lengths / of vibrator (£<<A) 


by the forsula 
en = 120 (lat — 0,69". (3.3) 


By Ve Ne Ke3senikh is Proposed for any / 
(3.1] 


approximation formula 


Pa c= 120 (in o oe, 0,57 }, (3.4) 


whece a is a radius of vibrator. 


If vibrator consists of several (n) wires, arrange/located in 


circumference wits a diameter of D, then the equivalent diameter of 


vibrater [ 3.8] will be 


D.-== Dit, (3.5) 


where d is a diameter of wire. 


For 3ach ratio D/d, there is a value 
does not have serse to anerease the nunaher 


Nmaucs greater than which 
of wires of vibrator. 


i 
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; 
a 


a) bh 


Fig. 3.1. Vibratocs: a is sSyseetrical vibrator: b is asyeaetric 
vibrator. 
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Pig. 3.2. Dependence of radiation resistance of syametcizs) 


on relation 4 


vibrator 


Key: (1) oha. 
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The sapacitaace/capacity of vibrator (is linear) 


C= 1,1 np 


i ‘tas 
4(in <r ~ 0.69 | - 





(3.5) 


~ wee. 


re 
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the attenuation 
R, = ee Me 


ae, ms 





7 


where R. - the affective cesistaace, in reference to the current 
aatinode, consists of the cadiation resistance and 
resistor/resistance of the losses: 


Ry = Ry + Raor ss R,. 


The dependence R, on //A is given in the curve 9f Pig. 3.2. 


Por low values (//4 < 0.1%, resistor/resistance R, is designed 
froa the foraula 


R', = 800 (+): 


Here , is refecced to current in the siddle (at in-feei) of 
vibrator. 
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The sffectiva height of syametrical vibcator, in reference to 


current in the loop: a 
No= = sin? or (4.8) 


the effective height of syametrical vibrator, in ceference to 


current in its aiddle: 





meinmi — m : (3.8') 
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»: 
$ Vhen the leagyth of vibrator 2/ is close to A, foraula (3.8) it 4 
is not used, since in such cases it cannot be proceeded from the d 
5 taken during the Jerivation of foraula (3.8*) sinusoidal current 

i distribution along vibrator. With 2/, close to A, it is ascessary foc x 
ae the calculation effective height to use foraula (3.8). 4 


For an asyasatric vibrator wave impedance and radiation 3 
resistance will be two times less than at the symmetrical vibrator of : 
: the sawe size/disansioos, i.e, for an asymmetric vibrator it is 

possible to use the given formulas for R, and % by taking into g 
account only coefficient of 1/2. q 


If we in (3.1) substitute (3.2), then after some transfor gations 


we will obtain for entry impedance of the syasetrical vibrator 


sh 23nl — - sin Qel 


Zax=?o ~Ch2i,f—cos2m 
Pest Dal 4- sin Quit 
a (3.9) 
bch 23,/ -— cos Qa 


Adore accurate results for entry impedance of vibrator it is 


possible to obtain, if we in formula (3.9) under signs sia and cos 
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ie ee aes 


i instead of » substitute ke, where k depends on =. {3.5}. 


gp 
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iat 
ae 


Por + © 0-92.35 and 0.65-0.85 formula (3.9 is simplified and 4 


assuaes the fors 





Za = ate -— ine ety ml = Rox iN. (3.10) 


‘ 7G 
ar tial ars 


aa | 
; The value of active and ceactive components Z,, fot iiffercent 
car relations /’2 and different values p, are given in Fiz. 3.3. 

Li 


Foc the asyasetric vibrator of expression for entry impedance Z,, 


they are cetaineld, if p, is wave ispedance of asymmetric vibrator, / 
- its length. 


When it is ceguired tc Comsider effect on the vibrator of 


adjacent with it vibrators, they usually use the method 5f induced 


enf. 


As is known, to account for the autual effects Of vibrators 
according to the sethod of those induced by eaf to the internal 
resistance of vibrator, are added the resistor/resistanacas, 
introduced adjacent. The resistorc/resistance, introducald by any 


adjacent vibrator in the case when currents in vibratocs coincide in 
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amplituie and phase, he is called reciprocal resistance of two 3 


vibrators, 


Mutual iapedance of vibrators is detersined fros the designed 


When the length of vibrator is spall (/<2), it is possible to 


use the approxisatioa foraulas for autual inapedances: 


sta feosmd — sinnul 273 
Ri, => Rig [ “nd? te (1 ~- med y] 


(3.11) 





Sao Reo [Sina Spa la) |, 
where d is a distance between vibrators; R,,=20m’ <- the cadiation 
resistance of the secluded vibrator by length /; By. and X,2 are 


referred to current of foundation. 


Duciag the calculation of coupled impedances, one saould 


consider the possible dissiailarity of values and phases of curreats E 


in separate vibrators. 
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Pig. 3.3. Dependeace Rye apd X., syasetrical 


wibrator 9a celation — 
with different ss. 


: Key: (1) (ohm). 
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Impeiance, iatroduced into any (n-g) 
case will be: 


antenna, in the general 
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k Ray COS PF KRiny COS 7s + Ky Rns COS Hs HF -.- 

... 7k Y,, sin p, — kV, sin, — kV a, sing, --... 
vee bs (kK, Rn, Sind, + kK, Sin Pp, + k,R,,8in 9, 4-... 
eee KN, COS, KN ng COSY, 4- KV, COS'7, Ee.) 
= Rouec + iN puece: 


where &,,. Ri Rn - the active components of autual impedances of the 
n antenna with tha tst, 2nd, 3rd so forth antennas; X,,, Xn, Xn, - 
reactive Somponents of the same resistor/resistances; K,, Kage Ky - an 
asplituie ratios o€ the currents of the n antenna and the tst, 2nd, 
3rd of antennas; ¥,. ¥%, ¥, = the lead angles of the phas2 o£ current 
into the tst the 2nd and the 3rd antennas with respect to the phase 


of current in the n antenna. 


In hocizontal plane the vertical wire antenna is ast directed, 


i.e., by the anteana of circular action. 


Expression f3c the radiation pattera of symmetrical vibrator in 


vertical plane will be [3.4] 


> __ 2F cos (mi sin 3) — cosml 
coma ge 


XV TER + 2R, cosig, — 2mH sing). (3.12) 
For an asymaeatric vibrator radiation pattern in vertical plane 


is expressed 


Eye == ar {{cos (ml sin 8) — cos mf] (1 4- Recs 4) 4- 


+R, sin 9, [Sin (ml sin 3) -— sin ml sin pj} + 
+ f {{sin (sil sin 8) — sia ml sin 3] (1 — R, cos ¢,) -+ 
+ R, sin 9, [cos (nl sin 3) — cos mij}, (3.13) 
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where # is an angle of the slope of a front of waves 8, - the 
nodule/moialus of the coefficient of terrain echo: 6, - the arguaeat 
of the same coefficient; # is a height saltitude of the center of the 


vibrator above tha earth/ground; E - the strength of fieli in free 
space. 
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fhe forma of the cadiation patterns of the grounded vartical 


vibrator of different length with the ideal conducting eaacth/ground 
is given in Fig. 3.4. 


The range of the use of a vibrator is determined by the 


frequency properties of the radiation pattern and entry iapedance. 


with the shortening of wavelength, i.@., ah increase of the 


felation //\, in vwertical radiation patteto appear ainor lobes (Fig. 


3.4). Por this reason relation a they limit by value es 
(0.5-Q. 625) e 


r 


Awan 
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Bros Pig. 3.3 it follows that entry ispedance of vibrator 


changes in the fast lisit inferiors, the lesser the wave iapedansce of 














vibrator. Wave impedance decreases with an increase in the cadiua of 


















cross section, 





i.e., during the use of thick vibrators. AS can be 


seen from (3.5), the Same result can be obtained if vibrator consists 


f of several vires of a gnall diameter, arrange/located in 
large~diameter ciccuaference. The essential expanSion of the band 
ae coverage of vibrator is obtained also during the use of vibrators of 
in conical or exponential shape (Pig. 3.5}. 


The wave iapedance of the conical vibrator 
“ Ou = 138 lg (cte +) 


where 2) is a cone apex angle. 
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Fig. 3.4. Vertical directional characteristic of the vertical 


gcounded vibrator depending on its length. 


Key: (1). Length of antenna. 
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Pig. 3.5. Broadband of er AS pom aHnn a - cylisdirical; b is 


conical; c is exponential. 


Pig. 3.6. Broaibaad planar syametrical vibrators. 


Page 85. 





oa 


4 +) ao i ta tl Bll 
5 =, 2 swe 


owt, 


+ eae) 


Ee” 


* 





é agli @ihees pee! ee totes a a ee te eh Ss cet tae taialite chee ORasial ce 
2 


DOC = 77223208 PAGE 67 
140 


{In symmetrical fulfillment antenna he is called biconical. 


fhe calculation of entry ispedance of comical antanaa here is 
not given. For the connection of anteni:a, it is expedient to use 
feeder with vave iapedance = px. ITavestigations show ({3.3]), page 
107p)that for y>=30° KBV > 0.5 during satisfaction of soadition j-—-< 
1.2, where / is length forming of coneg i.Geog Anaue = 5. Niniaus 
transaitting wave is limited to appearance in vertical ditectional 
characteristic of the deep ainiauas feast the low values 3f angle §. 
So that this wouli not be, it is required to fulfil? au. + 8/. Thus, 


the frequency band, overlapped by conical antenna, 275=6 


One Of the cones of the biconical antenna can be replaced by 
disk. Discore antenaa hasS Overall sizes less than biconisal; 


frequency bani of its is sosewhat less. 


The value of wave impedance depends on the aaxiaum size of cross 
section, which aakes it possible to utilize planar coastructions of 
vibrators (Fig. 3.6), that have rectangular cross section. Planar 


vibrator can be made also froa separate conductors. 


Page 86. Application/use wide-range of the vibrators of the 


indicated types frequently causes difficulties due to their large 


overali sizes. The range of the use of a fine/thin vwibcator can be 
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expanded by the inclusion into it of re-ctive and active 
cellyeleaents. An exaaple of this antenna is givon in Piz. 3.7. The 


cellfelenents of anteana are selected froma following considerations 


[7-12 }- 





Bieret ae aad is Mee with those, so that thase cuttings 
off would be capacitance. Then /, aad /, it is possible to replace 


with the egquivalaat capacitors C, and C, respectively. 


For that Erequeacy wo,/2" by which chain/network L,C, is inclined 
into resonance (w%,L,C, = 1), entcy impedance at point 2 will be 
equal to the wave impedance py of section /,, if By = Bo = py and La 
= °C, Fa this case, on shortest wave, antenna cadiation is 
deterained virtually only by section /. Taking into assount the 
requiresent for the absence of ainor lobes in radiation pattern, one 
should accept im MEE, On longest vave in eaission/radiation, 
participate the sactions ‘', and /, Is expedient to select fant, = See 


in order to ensure not too low a radiation resistansa,. 


Ducing satisfaction of these conditions 


anane =4(l; + /;) = Assn + 2a au = Bann 


dee. the antenaa provides the overlap of triple wave bani vith 


satisfactory indices. 
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# Recently as cange vibrator is widely applied shunt vibrator. 7 
\ : 
} Satisfactory agreasent this vibrator provides within lisits from ;— ~ 4 
f ~~ 0.16-0.17 to os ~~ 2. Considerations according t2 calculation 9 
. see {3.8}. 
i 
ae 
r 
e : 
% : 








= poc = 77223208 PAGE 7 
eG: 
& 147 
: yl ; 
ay 4 
a i; # 
e* | 
a | 
t fy 
: | te 
: i] 
4 
= Pig. 3.7. Wide-rasge antenna with the connected cvllvelesents ', BR. 
Ih 
‘ab 
7 Z| 
ut : 


y 


Fig. 3.8. Loop antenna: 4 is symmetrical; b is asymmetric. 
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In chaptec 7, ace described the methods of the expansion of the 


working frequency band of the vibrator by applying the °311/elements 


Of agtvement or compensation for reactance. 
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3.2. Loo p- Antenna. 


Loop-antenna is schesatically represented in Piy. 3.8. Are 
applied syametrical and asyasetric loop-antennas. Sysmatrical 
loop-anteona consists of two pacallel, connected on end/leads 
conductors, arranjze/located at small (less than 1/10-1/20 
wavelengths) jistance from each other. Ace distinguished aperiodic 
and resonance loop-antennas. In aperiodic loop-antenna iato middle of 
one of the conductors, is included resistor/resistance Z, while in 
siddle of the other - the input of receiver or feeder. Asyaeetric 
loop-antenna is tne half of symmetrical. The second half is 


supplemented by tae image of the first in the earth/ground. 


If resistor/cesistance 2 - active is egual to wave lsop 
resistance” that entry impedance equal to wave inpedance ou. over 
a wide range of waves (when A} > 4/). This property of anteana is its 
key advantage, sisace constancy and the active character of its entry 
impedance sake it possible to ensure good agreement of antenna with 


feeder over a wide range of frequencies. 


Defisiency/lacks in loop-antenna are small efficiency and 
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decrease of effective heisht during an increase in the vavelength. 


In cesonance loop-eant maa (x = 0.25) resistor/cesistance Z is 


equal to zero. [ts cadiatic. pattern the sase as in siaple vibrator, 


radiation resistance into four, but effective height into tvo grooves 


is more than the corresponding values of siaple vibrator. 
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With 2 = 0, Loop-antenna of the heavy-gauge vires or of the 
tapes possesses cinsidecably larger band coverage (i.e. by the 
section of the frequencies vhere YX, ia close to zero 193 &, is 
little affected), than usual dipole. 


In gcadio dicaction finders loop-antenna can be used as 
cell/felenent by the antenna of system (for example, in the spaced 


antennas). The greatest application/use of a loop-anteana was 


obtained in ultrashoct-wave cange. 


3.3. Loop antennas. 


One Of the widespread types of antenna, used for caiio traffic, 
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is the loop antenna (framework), in the simplist form which is the 


“th 





$i 
S 


fine/thin conductor, that has the form of the locked plaae figure. q 
4, Blectromotive force within a framework of a saall size/diaension. : 
i 
e: : 
£ Let us examiie the framevork of a spall size/dimension, i.e., 7 
: 9 
; let us assume that the perimeter of the framework is very smell in 3 
. comparison with wavelength and that ower entire length 2f the y 
L framework the curcent has constant aaplitude. 


This frasework is equivalent to the magnetic dipole, directed 
along the noraal to the frarmevork. If the framevorx with an area of §S 
is located’ in alastrosagnetic field with magnetic fieli strength H, 
then the aagnetis flux, which penetrates the framevork, will be 
y= (H7,) uS = HpS cos ¢, ¥ 
where n, is the unit vector of standard to the frasework; # - the 
angle between unit vector and aagnetic intensity H, w - magnetic y 


permeability within the frasevork. 


Eof, inducei within the framework, will be 


dp iy - 
Bae = tee = ( i) ws. (3.14) 
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kar that indace in the electric dipole (Hertz doublet) by length / 
by electcical field 8, is equal to 


E=(ED. 
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Prom the cospacison of these forrsulas, it ig evident that the 
dependence of auf of the frasework on the three-disensions l/space 
location of its axis of relatively magnetic field the sane as 
dependence of eaf of the electric dipole on its location of 
relatively electric field. This analogy escape/ensues of the 


equivalency noted above of the framework to magnetic dipsie. 


Under the hacawonic law of a change in the sagnetic field, the 
operation of differentiation is equivalent to multiplication by jw 
and formula (3.1%) passes in 

E = — joSy (Hin,) = -- joSpH cos 9. (3.15) 

Te the frasawork is located in the cemote zone (zona of 

eaission/cadiation) of transsitter, magnetic intensity cas be 


expressed through the electric intensity 





e£ ; 

H=-395- (3.16) 
After substituting (3.16) in (3.15) and after replacing in it w by 
(2x 301092) and yw» (for air) by 4710-7, we will obtain 


Ez. jE PS cose. (2.17) 





Pa 
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Pros this foraula it is evident that emf within the frasework lags on 


phase for 1/4 periods behind the strength of field. The saxinum value 


E occurs with 6 = 0 and it is equal 


Qn 


Evane = E2, (3.18) 





The effective height of the fFramevork 


hh a Emate wo 2S (3.19) 





The law of a change in emf daring the rotation of ths frasevork 
is determined depending on the angle between standard t> the plane of 
the framework ani dicection of the aagnetic field. Virtually in the 
work of the framevock as direction-finding antenna to conveniently 
have the expiicit dependence of enf on the direction of incident wave 


(sense of the vector of Poynting) with the determinei Location of the 


frame work. 
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Let us examine the frasevork vhose plase it is vertical, and 
axis fores angle 6 vith X-axis of rectangular coordinate system. In 
plane 2X, is propagated plane electromagnetic wave, the aagnetic 


intensity of which is determined by foraula (2.3); in it it is 
accepted with r = 0 


Pre - It, 
H =(--aH ,¢ “+alt,) we 
Vectors a and a have cosponents: 
nyr=sing; A,== 0; a, - cosB: a,~ 0; ay =); a, <0. 


fe will use forsula (3.15). 


Vector n, has components: 
Nyx - C086; Hy-=sin'; n,.=0 


The pokarsse4 in plane incidence/drops and perpeniisular to it 
an 


components H,all, are equal to 


Hy =Hsin{. H,=Hcos{, 
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where y is an angle of rotation of the plane of polarization, equal 
to the angle between vectors of electric field and the vertical 
plane, which contains direction of propagation. 


, 


Pulfilling the scalar multiplication H and ng in focaula (3.15), 


we obtain 


£ = — jouSH (— sin 3 sin 10" cos 0 cos Y sin) e/¥, 
Reject/throwing unessential for future Teference phase factor 


and again passing to electric field, ve obtain 
. . 2n8 , : 3% iva 
E= — j =~ E (sin 4 cos 4 — sin Bsin y cus $e ) (3.20) 


If field either is normally polarized (y = 0) at any angla of 
incidence, or it is propagated horizontally (8 = 0) ducing any 
polarization, electromotive force within the framevork it is 
Proportional to sin @ and radiation pattern has a fors of eight t 
(Pig. 265). Let B= 0, tuen 


E=.- (2 Beosy sind. 
POOTNOTE '. If anjle 9 is is counted off between the Plsae of the 


framework and plane 2X of the pfopagation of electromagnetic wave, 


then the radiation pattern of the framework 18 proportionsl to cos 6. 
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Therefore it was called the naae cosinusoidal directional 0 
= . characteristic. BNDPOOTNOTE. 
2 
. Page 91. 3 
8 By rotation of the framework we can attain zero eaf with @ = 0. [na 
at OB 
t this position the standard to the plane of the framevork indicates 
¥ the true direction of wave. 

With it is abnormal, but to the linearly polarized waves (¥.=°). 
& 
which falls with certain slope/inclination, we will obtaia 
t E=— jE Vsin* [sin Bp cosy sin (0 — 4), (3.21) 


vhere 


ty d =tgysin3. (3.22) 


Radiation pattern retains the fors of eight, but the direction 


of zero reception/procedure is obtained when 0 = A, i.@., it 


indicates the dicaction of the arrival of wave with the error, 
determined by forpula (3.22). 


In the case 9f circular polarization 


(¥e= I=) fron 
(3.20) 
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| E| = V28S BY sin OF cos sin" : 


Baf to the framevork non-vanishiag in which position 
frame work. 


o€ the 


#ith @ = 0 we obtain the sininua of enf 


while at @ = 90° - the saxiasua 


: VIRS 
Enaxe =E ah 
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With the reaiing of bearing for audition, is observed the 


diffuse ainiaum (angle of the equal to audibility), bat bearing 
error~ free. 


In the genecal case of elliptical polarization, is observed both 


error and the diffuseness of the siniaur. 


Blectrosotive forse within a framework, which consists of several 
tacns. 
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The electrosaotive forces, induced within the frasework, are very 
Shall. it is expejiient to connect several such turns consecutively. 
If in this case they desire so that all turns vould ceaain in one 


plane, then tue fraaework acquires the fors of spiral (Pig. 3.9). 


Let us Suppose that the reverse/inverse effect of each turn on 


the incoming field is so small that it can be disizegarded, and the 


b 
overall length of wire considerably less than the wavelength. Then ve 
can each turn exagine independently, also, to eachapply formula 
(3-17); set/assuasing @ = #/2-8, f = 0, ve have 
E, == — jE 2S sin 6, E,=— jE sine etc: 
Here B,, Ez ec» ~ emf in each turn. 
h 


Resulting eaf will be equal to the sum of emf £,, BE, and of so 


i} 
wh eee rma ee deed alae ce eitueted dial a ae UP wae ee Ri cA sa att a ald 2 cadet aK dene na UD aot cals = al Bab al 


focths induced of the separate turns: 


e 
" 


N 
E=—j* Esind §\S,=— j 282" Esing, 
k=l 


Nv 
4 
Su 


where s,. ~ an arma of the k turn; reat 


a Cy N 
turn; Nis a tufcn nusber. 


~ a geidile area of 
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The affectiva height of the frasevorck 


hyo 2S (3.23) 


thei. hee 


2 
4 
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4 will be in N of times more 





y than the effective height of one sean turn. The frasevork can have 
b 4 not only spiral form. If it consists of several tucns, it it is 
S possible to wind ovec the lateral surface of cylinder. [n this case 
: all turns are obtained identical size/disension, but ace 
arcange/located they no longer in one plane, and therefore this 
a framework is called three-dinensional/space (Fig. 3.10). 
Pa 
a : Under those assuaptions that they were sade for the spiral 
. framevork, we heca will obtain for the sus of esf, induced of the 
: turns of the frasework, the foraula 
uy 
i E=~ j= Esini. (3.23') 
; In the case of the three-dimensional/space framework, one shoold 


take into considecation that the wire of the winding of the franevork 
forms one cosgplete turn in the plane, perpendicalar to the plane of 
the fundamental turns of the framework. aore graphically anything 
this can be seen, if we design the framework on this pecpendicular te 
its turns plane ‘i.e. to look to framevork froa the side (Fig. 


3-11) }. The area of turn, perpendicular to fundasental turns, in the 


figure is shaded. 
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Fig. 3.4 





Pea 
Fig. 3.9. Multitucn spiral frasevwork. 


Pig. 3.10. Three-iiaensional/space framework. 


Pig. 3.11. Pora of frasaework on the side. 
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Calling this area %S.. we obtain emf, induced in the perpendicular 


turn: : 
Ey j a Ecos 6, | 


ana 
f total emf withia the framevork will be 


E=-—/jE oe (NS sin 0 4- Sy cus 9) = 


= — jE EV WSy +S? sin +m), 
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where 


tga= e (3.24) 


The effective height of this franework 


Since S, usually is considerably less than NS, 5, it is possible 


to disregard and for the three-dimensgional/space frasevork to apply 


the fornula 
h = PEN, 
It is substantial to note that eaf is turned in this case iato 
zero not with @ = 0 as for the flat/plape frasevork, but when 0 = A, 
i-e., at angle, on A arc tg a different from the true. On the 


elimination of the lateral reception/procedure of the frasevork, see 
§ 4.4. 


Effect of nonunifora current distribution. 


{In radio direction finders are applied the framework of a small 


size/dimension; however, sowpetines size/disensions are not so spall 


so that to it would be possible corpletely disregard the 
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nonuniformity of current along the wire of the frasework. 


Considecing that the inductance and the capacitance/capacity of 
the framework are distributed evenly on it last, i.e., that 
inductance L, and capacitor C, per the unit of length are constant, 


the framework (Fizy. 3.12a) can be likened to long line (Pig. 3. 12b), 





also, for research on the process of electromagnetic vibrations in it 


to use the conclusions of the theory of long lines. 
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at 


Distributioa along the wire of current /, and of a potential 
difference (/, between the appropriate points on two halves of the 
framework is subordinated to tke equations: 


9 . 
[,-=T,cos SS, ) 


oa (3.25) 
U,-=U,sin iy | 


a the wavelengths, which correspond to the natural resonance of the 


ee 


frapevork, are determined by the expression 


venta . 
dpe aS aubaekeste sats ao te ibn ie tk sd ks a EEL Te tl ak, 


where k is the whole nusber. 


Greatest of these waves 
| Aa=dl (3.26) 
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is called the natural wavelength of loop antenna. The virtually 


natural wavelength of the framework is greater than it is obtained 


: according to eguation (3.26), as a result of the nonunifocaity of the 
* 


distribution of capacitance/capacity and inductance along the length 


ry of the framework. 
ay 
be 4 The current jiistcribution and potential also not completely 
a. 
[Cc 7 accurately does follow equations (3.25). However, in the first 
“4 g 
iz approximation, it is possible to use these equations. 
e ae 
= Impedance on terainals a-b of the single-tura framework is equal 


Z=jetg, (3.27) 


ad 


laepee rae et 


where pkey & is wave impedance of the framowork; inductance, 


Hecm’*; capacitance/capacity = di-ca': ky - the coefficient, 


depending on the type of the winding of the framework. 


During great lengthening, i.e, when 2>4,, in expression 


(3.27) tangent can be replaced it with the arguaent 





Z = jp 2 = jel, == jwL. (3.28) 


te ld 


H 
i 
E 
t 
k 


Settee wee en ts vee aed SEs see ee pe ran Sec ie 3 CRE AE rs ES FS 


pee. | 
| 
} 
{ 


a 
peers) 


pec = 77223205 


ice eee ed 


oo 





VEIT AT 





t) 6) 


i ae 
Tet 


Pig. 3.12. Frasaewsrk and equivalent to it line. 
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Consequently, ducing great lengthening the framevork can be 
considered as lumped inductance whose value is egual to its static 
value. During a decrease in the wavelength the frasevork one should 
represent in the fora of parallel connection of inductance and 
capacitance/capacity. The values of inductance and 
capacitance/capacity in duct vith the concentrated constants, 
eqaivalent to tha framework, they are called dynasic inductance (/.,) 
and dynasic capacitance/capacity (C,). On the strength 3f formule 
(3.28) 


Li = L. 








' 
i. 
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o¢ 4 
Prom comparison (3.26) with forsaula for the natural saveleagth 


of duct with the concentrated constants 
Ay On f LyCy3-10' = 4! 


ve find for the single-turno frasewors 


400 it at . 
Chom “Dama anv. (3.29) 


The cadiation resistance of the framework can be found as 


radiation resistance of Hertz doublet with the effective height, 


deterained by formula (3.23). 


Resistance of the emission/radiation of the framework is 
obtained negligibly small, and it can be usually disregarded in 
cosparison with the resistor/resistance of losses. Pocaulas for the 


Calculation of the parameters of the frasework are given in appendix 
I. 


To account for the effect of nonunifora current aistcibution on 
the work of the frasework, iet us exasine the rectangular framework ! 


with sides a and b. 


POOTNOTE !. Ducing nonuniform current distribution in tha framework 


of emf, iiduced in it, it depends on the form of the framework. This 
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difference is saall, and the obtained further conclusions 
approximately can be pronagated to the framework of any fora. 


ENDPOOTNOTE,. 


Figures 3.12b shows current distribution in the framework in 


accordance with equation (3.25). 


In the vectical sides of the framework, the current ilistribution 


virtually is evenly and, that especially important, is equal in the 
right fd and left ec sides. 


Let us estiaate the effect of the dissiailarity of currents in 
the upper and lowec sides of the fraaework. Por this, is increased 
the current at each point (/—.x) of lower side, so that it vould 


become equal to the current in the syaretrical point (xz) 2f upper 
side. 
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It is natural that subsequently ve eust consider the 
eaission/radiation of current, Jjiffering and opposite by sign added. 
The framevork with the “adjusted” current on its eaf is sauivalent 


previously exasiaad framework vith uniforca current distribution, and 


sazudesbbeds i a hace hn do ea Het naa ged ia ;' 
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to it are used all already obtained conclusiogs. The auppleaentary 
current, which takes place in one of the horizontal sides of the 


framework, can be likened to Hertz doublet. We can consider therefore 


that the action of vertical sides is retained the sage as daring 


uaiforcea current distribution. 


In upper and lower sides the currents are essentially different. 


Thus, the frasewock with nonunifora current distribatioa is 


equivalent to the same framework with uniforce curceat distcibution 


and to the horizontal Hertz doublet. Horizontal Hertz doublet will 


participate in tha reception/procedure only of borizontal cosponent 


of electric field, iev., by abnormally polarized field component. 


Its effective height is very small and usually the less 


effective height of the frarmevork. Por example, for the sqyuare 


frasevork (h = b) the ratio of the effective height of dipole Ja to 


the effective height of the framevorck /) is approxisately equal 


ha __3Rb a, 
hype ee 


and, in the usual relations of Ag/A = 0.15-0.5, is 0. 18-0. 60. 


The action 2£ supplementary dipoles especially substantially in 
the special circuit diagrams of the framework, intendei for the 


exception/elimination of the ceception/procedure of the horizontal 
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component of field (see § 37). Reaanent/cesidual harceful 


reception/proceduce will be determined precisely by theic action. | 


3.9. Shielded framework. 


Screaning of framework consists of the metal tube, bent in the 
form of circle (or square)within which is placed the winding/coiL 
Por the preservation/retention/maintaining of the possibility of 
reception/procedure a tube- screen it sust be sectional across (Fig. 
3.13). Otherwise occurs cosplete shadowing and reception/procedure it 


is absent. 
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Such construction of the framework provides first of all high 
mechamical its quality - the strength, watertightness, the protection 
of winding, especially important in marine and aviation practice. 
Purthermore, the application/use of a screen provides the sysmetry of 
the winding of tha framework and contributes to the 


exception/eligination of antenna effect (see § 4.2). 


Under the influence on the screen of the franework of plane 
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electromagnetic wave in it, is induced (as within the usuel 


framework) the el2ctroaotive force, equal to 


where S - an acea of the bent tube of screen (counting on its 


centerline), is equal to the middle area of the turn of winding: A is 


a wavelength. 


If screen is closed, in it appear the currents whose action 
completely coapensates for within screen applied field, and 
reception/proceduce to the framework is absent. the presence of 
cut/section in screen excludes the possibility of the course of the 
cing currents of sonductivity in screen. Thus, on gap is created 
potential difference, virtually equal emf of screen £3, since bias 
current through the gap is very low and a voltage drop across the 
inductance of screen can be disregarded, as is evident from the 
equivalent circuit diagram of screen (Pig. 3.14). the stcength of 
field in gap will be 


where d, is a gap length. 
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Fig. 3.13. Shielied franevork. ¥ 
Key: (1). Cut/section of screen. 
Pig. 3.14. Equivalent diagrara of screen. 


Key: (1). Gap capacitance. (2). Inductance of screen. 
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In each conductor, that is located in gap, it will be induced by 


eat 
E,= Ed, =F. 


Total amf within the framework, if its turn nusber is equal to 


N, will be 
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Consequently, tha effective height of the shielded framework is 


eqaal to its effective height without screen. 


Withsot chanjye remains the inductance of the framevork. The 
shielded framework is the systea of two connected lines: the wire of 
the framevork and the internal surface of screen, the external 
surface of screen - the earth/ground. Because of the 
communication/consection of lines, the natural wavelength of systen 
is greater than the natural wavelength of the wire of the framework. 
grow/rises, therefore, the equivalent capacitance/capacity of the 


frarework, and also the effective resistance of the framework because 


of losses in screen. 


Conclusioas indicated above are accurate, while the eatural 
wavelength of scraen is considerably less than the vorking 
Wavelength. Thus, for instance, with artificial increase 9f gap 
capacitance voltage on it will differ significantly from eef, which 
operates in the circuit of screen, and it will be considerably aore 
in the case of tha tuning of the circuit of screen into resonance. in 


this case, the value of the inductance of the framework gcow/rises. 


in practice the tuning of yap does not find application/use in view 
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of the fact that usually the work is saintained not oa tare 


fixed/recorded wave, but in certain frequency band. Stractural /design 


execution of scre2n can differ frou that which vas described above. 


3.5. Prapework with ferromagnetic core. 


For an increase in the effective height of the framework within 


it can be placed the core from material with aagnetic pseraeability, 


which exceeds unit. 


Let us examine the core, having the forge of elilipsoi3 of 
revolution and placed into unifora (constant valve) applied field in 
such a way that the major axis of ellipsoid coincides vith the 


direction of sagnetic intensity (Pig. 3.75). 
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The magnetic induction B and the strength of field H in core 
have within ellipsoid constant values and one and the same direction, 
which coincides with the direction of the strength of applied field. 
The value of magnetic induction is determined by the foreaula 


eet A = 
Saar ess yx lem Ballo, 
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where » is magnetic permeability of core; 


OE Heit fic 
at 


eee Ceres 


Hg ~ intensity of applied field (when from the fora of body; * 





rf is the desagnetization coefficient, depending on the fora of bodys ix 3 
x: : 3 
& is the operating sagnetic permeability. : 
+a | 
¢ Por an ellipsoid of revolution 3 
ee : ee 
° = aati c Insti—s), 
& where ae eee is eccentricity of eliipsoid; b and c - the large 
and seaiainorc axes of ellipsoid. 
h 
With sraall eccentricities 
eset 2 
Ke eae bans 
For the sphere 
and 
«== 0 Aw=y- 
Por the strongly alongated ellipsoids 
x9 2(1—2) (sureties (in 2k — 1), 
where k = b/c. 
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To an increase in aagnetic perseability i: once corresponds an 
increase in the flow of sagnetic induction how sany tines. 
A 
_ : 








cre 
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Pig. 3.15. Bllipsosid in uniforms sagnetic field. 
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If we do not consider the phenomenon of eddy curreats in core, it is 
possible to count that the same increase of the flow will be observed 
in the case of variable field Hg. Electroasotive force in the winding, 
placed on core, also grow/rises i: once. It is possible to count 
that the effective height of the franework with ferromagnetic core 
grovw/rises ta once. Is introduced also the concept 9f the effective 
diameter of the framework, i.e, the diameter of that air framework 


whose effective height is equal to the effective height 3€ this 


framework: = 


Dio = Vn Dy. 


During the practical fulfillment of the ferromagnetic framework 


to core shape in the form of cylinder with circular or elliptical 
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cross sections In the first approxirmation, cylindrical core by length ¢ 
and by cross section S$ wan be for calculations replaced ellipsoid on 4 
the condition that £ = 2b and S = wc®. 
The inductance of the framevork with ferromagnetic core also ‘- 


gtow/rises approximately iin once. 


If we assign the space (or weight) of core, then with increase 


in k = b/c its cross section will decrease. On the other hand, +}. 


will grow/rise, since with 
coefficient decreases. The 
led to the fact that thera 


on the pecameability of the 


increase in k the desagnetization 4 
combined action of these two factors is 
is the optimum value k whose value depends 


saterial of core and grow/rises with an 


increase yp. 





— oa With the used at present materials the optisus sanse k = b/c 


lie/rests within the liaits: 


kuw -=3-+5 for the magnetic dielectrics 


: ie | and 


for ferrites. 
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During the application/use as material of a core of asual 
electrical sheet steel for the high frequencies at which work the 
cadio direction finders, appear very large eddy currents. The 
paraaeters of the framework sharply deteriorate, in particular, 


noticeably it descends its quality. 
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For this cCeason as material for the cores of the framevork, are 


apvlied the prassad powder-like ferromagnetic materiale and the 


ferrites. 


The major advantage of the franaevork with ferrogagnetic core are 


its small size/diaensions in comparison with the size/disensions of 


the air framework. 


3.6. Reception/pracedure to two spaced antennas. 


One Of the fundamental tops of direction-finding antennas is 
syster of two spased antennas with the use of differential oaf. 


Radiation pattern of its is determined hy the forsula, aaaiagous 


(2.13) 3 





= ae - ‘ ‘ 7" . 
bas istptamibes weumponbe pened apenry 9 ara ciel deena muni tlie iis di Ani i maa sa nal 


SS RR 
we he 
eee pak, wal 


Doc = 77223205 PAGE 297 


i= S2ERLF, O, 4)sin es sin @cos ai, (3.30) 
/ 


where 4. = the offective height of each of the spaced antennas; 
F,(9, B) - directional characteristic of each antenna; 2b - the 
distance between antennas; 6 is an angle betveen standacd to the line 


of the connecting antenna and direction of propagation. 


This forsula considers the action of vertical component of 
electric intensity. Under the effect of the horizontal component of 
field, the effective height and directional characteristic of each 
antenna will be others, than for vertical component, but factor sin 
(2wb/dX Sin @ cos §), which is the main thing during the use of a 
radiation pattern for direction finding, will enter without change 
and into expression for eaf, induced by horizontal fieli. this fact 


is utilized in systea of two diverse framework (see § 3.7). 


In the majority of cases, are applied the antennas, which 
consist of vertical conductors, free from the reception/procedure of 
horizontal field. Its cemanent/residual receptionsproceduce is 
feasible only because of a structural/design or circuit imaccuracy in 
the production of antannas and coupling feeders. This question is 


examined in chapter 6, here we will pause at the analysis of foraula 


(3-30) with tha ceception/procedure of the vertically polarized 
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Let us aSsuaa that each of the antennas is single vertical 
vibrator (Fig. 3.16). Its radiation pattern does not ispenod on angle 


6 and FP, (0, B) = F, (B)- 


The phase of resulting eaf differs by 90° from the phase of 


field at the center of system. The asplitude of induced eaf, as can 


7 
i 


be seen frosa (3.30), directly proportional to the effective height of 
each of the antennas and depends, furtherraore, frog angle 9 betveen 
the direction of propagation of wave and standard tc plane AB, the 
Containing antenna, and also from distance between antennas 2b. 
Radiation patterns in the horizontal plane examined systea are 


represented in Pig. 3.17 for the different designating 20 curved 


2 PRS Dae mre 


values 2b/r. The character of the dependence of resulting emf on 
angle @ changes ducing the transition of value 2b/X throujh value of 


1/2. Thus far 2b/rA < 1/2, ieee, thus far the distance betveen 


UE TNE REE 8? 


antennas is less than the half of wavelength, during a change in the 
angle 8, are detected two maxisums of value Es: at 9 = 90° and J = 


270° and two minimums: at 6 = 0 and 6 = 180° This is eviient froa 


Se ge ew 


Fig. 3.17, where are represented diagraas for 2b/A = 1/10, 2b/rA = 1/4 


and 2b/d 2 1/2. The value of maximum eaf is detersined by the 
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i Fig 3 16 Fig 307 

v 

r Fig. 3.46. Reception/procedure to two spaced antennas. 

a 

an, 
Keys (1)- Receivec. 

. Pig. 3.17. Radiation patterns of reception/procedure to two spaced % 
antennas. z 

A 
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This value grow/rises with increase 2b/A up to walue 2b” = 1/2, 


| when we obtain a maximally possible value of onmf: 
‘ 4 Emane mane = 2E4,F, (). (3.31) 


During further increase 2b/r, the value of eaf for iirections 90 


and 270° begins to decrease and the very character of diajraa 


changes: the maxiaua of eaf is obtained not with two, while at four 
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walues of angle 9 (see Fig. 3.17, radiation patterns for 2b/vA 2 3/84 


and 2b/xX = 1) deterasined fros the equation: 


@ = arcsin Le 
= re 


With a fucther increase 2b/rA, the radiation pattern acquires 


eultilobed character. 


The value of maxinus, as before, is equal to Eyane nano = 
2Eh,F, (3). The gwioimuas of eaf and in this case retain their position 


at @ = 0 and 180°. 


Let us pause at the frequently encountered in practice case when 
2b/x << 1, In this case value 2rb/d\ sin 6 is very low and its sine 
can be replaced by argument. Then we obtain the following expression 


for eaf of the systea: 


= soene F, (8) Esin 0cos B = Enaye sini F, (Bjcos B. 


Radiation pattern in horizontal plane has a fora of aight. [In 
vertical plane with P, (A) = cos p (short vibrator} diagras F(A) = 


cos? p. 
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Calling the af fective height of systen = ii- the neizhtsaltituade 
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of the dipole in which is induced enaf, equal to maxinua aagf, induced 
in the systema of two antennas, we obtain 


N96 \ . nh 
abn Ea a5 he = 2h, sin >-, 


i e. > > No =2h,. 


Rey: (1). with. 


Let us deteraine the slope/transconductance of the cadiation | 


pattern near from the direction of zero recepticon/proceduce, which 


a2 
sa cada dd ba a et 


freguently characterizes the quality of the radio direction finder: 


F'Oj)= ae cos 8F, (8). 


Slope/transcorductance increases proportional to the iistance between 


antennas. Howevec, with Z2b/dX > 1/2, as it is already notei, radiation 


ao 


pattern becomes multilobed, which leads to the aultiformity of 


bearing. The analysis of system from the directional spaced antennas 


is given into § 3.11. 


3.7. System of two diverse framevork. 


Antenna systam consists of two identical framevork, been 


a < aot se. ny ion 7 e ya tei 
tem ced p ane eae rateable ina aed ab sca a allt eB ate kata # He si dar ets sear Sab vinteeenabibr hh sth i 


connected in series, one towards by another, and placed on certain 


distance one from another. Both frasework are fastened on the axis, 


fe rae ad Eth de 
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passing through the line of the synmetry of systea, ani taey can 
together rotate around this axis. Are possible two vecsiodas of the 
execution of the antenna system: the planes of the framework can be 
or are pacallel to the plane, which contains their axes (longitudinal 
franework, Fig. 3.18a), or are perpendicular to it (tcansverse 


framewotk, Fige 3 18b). 


UOndec the influence of a norasal-polarized electrosajnetic wave 
of eaf, induced within each framework, it will bes in tha case of the 
longitudinal framework 

.2nSN 


E,=- i= Esinh, 


in the case of the transverse frasevork 


E,= — j 7 Ecos, 


where @ is an angle between standard to the line of the connecting 
frasework and dicection of propagation. 
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Resulting ea€ in accordance with (3.30) will be obtained equal 


: ; he pats op DAD 4 A 
to Ez ar EsinOsin ‘es sin 0 cos i) AIA NPOLOABIUDIX PaMOK, 


; SN . ; \) 
E= "Ecos ) sin (7X° sin O cus ?) ALIA HONCPCHIbIX paMoK, 
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ee Key: (1). for the longitudinal framework. (2). for the transvarse 
bed 

on fraae work. 
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If the size/iisensions of the framevork and the distance betveen 





them are small relative to wavelength, both formulas are sisplified. 





Then for the longitudinal frasevork 


ip : Eos: ES CIE 2 cat beans, (3.32) 


for the transverse framework 


E=-E- = (26) ~~ sin 20 cus 8. (3.33) 
The radiation patterns, which correspond to foraulas (3.32) and 
(3.33), ace represented in Pig. 3.19. 
A 


The cadiation pattern of the transverse framework has tvo 
supplementary of zero. However, this is not created difficulties in 
the determination of bearing, since with the direction finding of sky 


waves supplesentary zero are obtained ill-defined. 
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1 § , : 
: 
Vs 9) 47 b)° 

er) : 
4 Pig. 3.18 Diversa framework; a) longitudinal; b) transverse. 
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Let us examine the effect abnormal-polarized of the componert of 


ial 


electric intensity. 


If enf, induced by abnormal~polarized field component in each of 


the framework, is equal to L,. then resulting emf will be 


Es yen = QE sin(*p sin beos 8). (3.34) 


In accordance with formula (3.20) during y = 90° and, —0 
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Key ; (1). for the longitudinal frasgevwork. (2). fer the 


transverse fraaevork. 


From expression (3.34) it is evident that enf, indaced by the 
horizontal component of field, is turned into zero at the sane angle 
92 180° at which also it is turned into zero emf, induced by 
vertical field component. Hence it follows that, although the 
radiation pattern of the reception/proceiure of an abnocsal-polarized 
field differs froa the diagram of the reception/procedure of a 
noraal-polarized field, one of the zero jirections (pecpeadicularc 
line, that connects both framework) is retained constant/invariable. 
This fact determines the possibility of error-less direction finding 


of sky waves. 


Prom the viawpoint of the possibility of the direction finding 
of sky waves, which especially steeply fall, is substantial also that 


that for a vertical electric field the framework does not possess 9 


directivity in vertical plane. 





Te Re 


"sant bee 


Loe 
. 


. 
® 
s 





Spee, iL py 


“o! 
i. 


Doc = 77223205 PAGE 2” .. 


q 
BD) 


Fig. 3.19% Radiation patterns: a) longitudinal framewsck; bd} 


transverse framework. 
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Therefore the cecaption/procedure of the steeply incident waves 
occurs without the weakening of the effect of vertical field 


component. 


In the given analysis are not taken into account the dipoles, 
equivalent to the action of nonuniform current distribution according 
to the periseter of the framework. The circuit diagram of the 
frarmevork aust eliminate reception/proceiure to these Jipoles in 
order to avoid the displacement of the direction of zero 


reception/ procedure into the resulting radiation pattern. With 


the transverse framework (Fige 3.20) dipoles are incluied contrarily 


chee? 
and are syssetrical earth referenced. effect on the displacenent of 
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zero directions is eliminated. with the longitudinal frasevwork is 
possible their losation in accordance with Fig. 3.21a or Pig. 3.21b. ; 
With location on Pig. 3.21a the equivalent doublets are inclnded to 7 
towards each other, but their syametry is disrupted by the 
dissimilarity of location relative to feeder. GWith the location of 
the framework on Fig. 3.21b the eguivalent doublets are vertical and x 
included so that their enf store/add up. Emf of the eguivalent 

doublets will cause the considerable displacement of the sininuas of e. 
radiation pattern and, therefore, large errors. Thus, one should 


prefer the use of the transverse framework, presented in Piy. 3,20. 


Por the exception/elinination of the dependence of the 
pacaseters of the framework on the dissimilarity of grouni 
conductivity, and also on the inequalities of soil and for the 


exception/elimination of antenna effect it is necessary t9 apply the 


Shielded framework. 


Decraase to a certain extent of the effect of the asyaametric 


location of the framework is achieved during the application/use of 


the so-called doubled frasework (Pig. 3.22). 
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ga oe 3.2 
Fig. 3.20. Transverse framework with dipoles. 


Fig. 3.21. Versions of connection/inclusion of longitudinal 


framework. 
Fig. 3.22. Doublei framework. 


Keys (1). To feedar. 
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These frasework ace attachhed to axis in the center of geavity, 
thanks to which is improved also the mechanical of stability and 


decreases the moment of the inertia of system during its cotation. 


Within the doubled framework decreases the harmful effact of the 


action of the equivalent doublets, since instead of one dipole in 
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wl thea is obtained vapor, operating differentially. 

an 3 
Fi ; 


Such framework are of interest, also, for single application/use 


” 


aboard ship [{ 10.3). 


2 EEE we 


P 3.8. Combined reception/procedure to the open antenna and the 
ae ) 

Q directed systen. 

\ 


Besides recept ion/procedure to the framework in railio direction 


finders, is applied the combined reception/procedure to the open 


antenna and the framework. 


road 


Is feasible also the combined reception/procedura t» the open 
antennas and two spaced antennas, or to the open antenna and to 
goniometric system. theory presented below of the cosbined 


reception/proceduce is equally used to all these cases. 


The schematics of equipment/device with rotatable loop is 


represented in Fig. 3.23. 


Electromagnetic wave excites emf both within the framework and 


in the opan antenna. The appearing in the latter current in tura, 
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* induces eaf in the duct of the framework because of actual inductance 
s 
ra ‘ M. On the grid of receiving tube, operate, thus, two oaf. 

Emf£, induced in the framework by incoming electroragnetic field, 

according to foraula (3.24) can be deterained by the expression 
By == — jE sing = — jh, sin 0, (3.35) 

3 where ;, is the affective height of the framevork. 

Emf, induced in antenna, is found in phase with the field 
\ , 

fy Ely. 
fp Vv 


M 


er 


Fig. 3.23. Diagraaz of the combined reception/procedure to the 
framework and the antenna. 
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Current in the antenna 


[ya bnel, (3.36) 


Za 


el — ee 
' 


Side RE ae Fahon NNT Picea ee er 
where 7 \ wi) ' BP go7 + (3.37) 


h,- the effective height of antenna; 
R, «lL, t/eC - active and ceactance by the antenna of sicsuit. 


Duriag conclusion in view of the smilness of 
comgunication/connection the ceaction of the framework to antenna ve 


disregacd. Esaf, induced by this current within the frazework, will be 
Ey = joMI, == jot Ee. (3.38) 


Pinally, rcesalting esf within the framework from equations 


(3-35) and (3.38) will be 
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E= f+ 8,=-- jE Me sin6-—oAl st. off | = 
-7.--7E i (fe sin §—woAl _ cos eae Asin vy ey 
(3.39) 
hy 
wf ie singy 
where 4 9, = So te 
hy sin® — oM 7, cose 


Froa expression (3.39) it is evident that enf of tha framevork 


consists of three teras: 


1) eaf, induced directly within the framework ani i3pendences oa 


the angle of incilent wave 6; 


2) by 
in antenna 


the first; 


3) by 


current in 


est, which occurs from the phase is Componaat/tera current 


and not depending on angle 6; it is found in phase fros 


eaf, which occurs from the extra-phase coapdiait of 


antenna and also that which not depends from the angle of 


iacident wave; it is out of phase to angle #/2 with cesp3st to first 


eaf, 
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Por Larger clarity let us examine two special casas: 


1) eaf, supplied by antenaa, is found in phase froa emf, inducel 


in the framework jirectly, i.e., ® = 0. This case occurs, as can be 





seen froma equation (3.37), when antenna is accurately inclined to 


e incident wave, and therefore “=A. f£n this case, resulting eaf is 
By 
e egnal to 
Ex — jEfh,sing — oth, = ~jEA, (sin 6 —a) 40 
t i \ : R oe } Z : ; i ) 
\, 


4 where aa eu he the ratio of eaf, iNduced within the framework fron 
: 


the open anterna, to eaf, induced within the framework i3 direct. 


PUTER ONT R TS 


Maxiaug the asplitude of resulting asf reaches, when sin 6 = 


r ie @-i, 1.e., @ = 270°, 





Tye a ee cee 


Lvare = Eh, (1 -- a). 


At the angla of incident wave 6 = arc sin a, resuitiig eaf is 
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equal to zero. It is obvious, such directions with a < 1! will be two, 


symmetrical relative to the direction oriented radio station. 


The lerived celationship/ratios are represented graphic on Pig. 


3.24. In the fors of two concerning circuaferences, is cepresented 
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oi heart-shaped diagraga to the framevork, and, since during the 

transition throuzja 0° eaf is changed its sign, right circusference it é 
z is marked by sign "¢", and left "-". Heact-shaped diagraa to antenna 7 
e is depicted as ciecuaference with center in pole (radias-vector « 3 
%, const). To voltays from antenna is conditionally ascribed sign "“e", E 
k 


Store /adiiny up taking into account sign ip each direction the 


a. 


vcadius-vector of direct reception in frasaework and radius-vector of 


reception througa the antenna, we obtain the resulting diagraa. 
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Fig. 3.24. Raiiation pattern of the combined reception to the 


framework and the antenna (case of phase coincidence). 
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Addition is sada with a = 1/2 and a> 1. 


On Pig. 3.25 this adjustaent is sade for case of 1 = 1. Phe 


obtained in this case curve he is called cardioid. In this case 


== — jEA, (sin — 1). 


Both directions of the zero reception of the cosbinai diagras 


are poure’d into one at 6 = 909. 


With a > J casulting eaf, oon-vasishing at which value @ (Pig. 
Ja24)o 
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Than less by a, the nearer the fora of the diagria of reception 
to eights; than by a aore, the aore the fora of diagraa it recalls 


circle. 


2. Baf, induced by antenna, is out of phase in #/2 calative to 
its own frase gaf, i.@., @ = 90°. This case occurs when antenna is 


strongly letuned in Frequency, since in this case 


ol —- ge? R 


and tg # is great. 


To Pig. 3.25, is shown the addition of the directa 
characteristics for this case. Radius-vectors here aust store/add up 
geometrically, siice between thea is phase displacenent 90°. The 
module/soiulus of cesulting emf according to equation (3.39) is equal 


to 
E=E V/ msin 9 +(2n,) sin’ 9+ + (ay = Eh, / sin?) 4-a°, 


(3.41) 
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Wey: (1). Besulting diagram. (2). Diagram of antenna. (3). Diagras of 


the franevork. 


Pig. 3.26. Radiation pattern of the combined reception to the 


frareework and the antenna (case of phase displacement in #/2). 
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The saxiaua of resulting esf occurs at 6 = 90° or 8 & 270%: 


Euave = En, v1 =a, (3.42) 


Eaf is turned here into zero not at which value 0, but has only 
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a mininum with sin @ = 0, i.e., at @ = 0° and @ = 1899. 


The iiagcaa »f reception, which is obtained in tnis case, shows 
that the sonditions of radio traffic deteriorate. Therefore such 
radiation patterns are undesirable for purposes of diraction finding, 
but, as will be stated in §4%.2., they appear with incocrecstly 
selestei iiagram and construction of external device (prasence of the 


antenma ef fects). 


In the general case when radiation current has twa caa@ponents: 
in phase and out 2£ phase to 90° relative to eaf, ara obsarved the 
diffuse miniauas, vhich are distinguished between theaselves to the 


angle, unequal 180°. 


In the case of the diffuse mininuns with direction fiading for 
audition, is observed the angle of the equal to aadibility on 


bisector of which is counted off the bearing. 


3-9. Motionless iitrectional antennas with cosinusoidal dicectional 


characteristic. 


Earlier we examined the directional antennas with cozsinusoidal 
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characteristic, which for obtaining a change in the intensity of 


reception in accofdance with directional characteristic aust be 


revolved. 


In radio ilicaction finders are applied also the sotionless 
directional antennas. Such antennas can be undertaken greaterc 
size/dimensions taan rotated, and removed from receiving indicator, 
which is sometines necessary (for example, aboard ship). fost 


frequently is utilized goniometric syste, 


The operating pceinciple of this systea, which consists of two 
mutually perpendicular framework or the pairs of the spasad antennas, 


is described into § 2.3. 


On Fig. 3-278, is depicted the schematic diagraa of yonionetric 
systea of two mutually perpendicular framework; on Fig. 3.27b, - a 


form of the sase system in plan/layout. 
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Let uS examine in more detail processes in systea of two 


framework. The equivalent diagram of this system is jivan on Pig. 


3.28. Let us acceot the following designations: 
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E, - eaf, induced within the first fraaevork; 


E, is ernf, induced in the second franework; 


Ziae Zeae Zay ~ impedances of the ducts of the first and second 


framework and seacch coil of gonioseter; 


Ziq ° mutual iapedance between the ducts of the framawork (with 


the field coils); 


Za3- Zaz ace mutual impedances between the ducts of sach of the 


framework and the duct of search Coil of gonioseéter; 


L,e Tee Ey - point in the ducts of framework ani seacch coil of 


goniometer. 
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Fig. 3.27. Goniometric system of two mutually perpendicular 


fraseworks: a) ga3ueral view; b) plan view. 


Key: (1). Field coil (c)- (2). Search coil. (3). Pield coil (a). (4). 


Frasework/body of search coil. 





23s 


Fig. 3.28 Diajras of goniometric systen. 
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It 18 possible to write the following equations: 


12, + LZy + Islas = E., 


12, +/,24+/,2Z,,= Ey 
(3.43) 
LZ yt 1,Z,, + 1255 20. 


Solving thes equations, we obtain for current I, in search coil 


of the gonioneter 


Ey (24299 — ZisZa2) + Ex(ZuaZis— 2u2ay) —. (3.44) 
a oa — Jy 2iy— 2n2)3 





I= 


ZulaZart 2222 — Z2%5 


Ve assume that the geosetric disensions Of systea are saall 


relative to wavelength. Then 


E, = E, mane 608 4, (3.45) 
Ey = Ey wane SiN, 

where Fine. Exo pagiaus esf within the framework, iniuced during 

the coincidence of the plane of the corresponding framework with the 


direction of incident wave. 


Purther with the corcectly constructed and preparaid frasevork 


and the goniomater, aust be fulfilled the following requircenents: 
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fi Z,7=2Zy=Z, Zi = JOA, nang COS, ; 
e Zi =0, M, wake Al, sane = Af, (3.46) "2a 
- Zs =o jaM, MAHC sin a, E, make = Ey Mate — = Chap. 


vaere ‘ao the effective height of the framework, in caference to 





i the poists of the connection of the field coil of gonioneter; 


“4 


r 
JA, 
ay Minanes Mouse paginas mutual inductance between search coil and 
; the corresponding field coil of gonioneter; 
& 


a@- the angle between the standard to the first fFisl3 coil ana 


search coll. 
Page 116. 


After substituting expressions (3.45) and (3.%6) in (3.44%), we will 
obtain 


_—_;. oMEhan .. 
l= I 27 orage 88 2 @)at 
F OME y a iit Legg a 
Joven = wife, Sin (G--a@), (3.47) 


2 Ray 


where w2n2/Z is the resistor/resistance, introduced by tha duct of 


| 
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the framework into the circuit of search coil of goniogater. 


Accucately tae sare current I, we would be obtained in the duct, 
inductively connected with the rotatable loop, turned celative to 
initial direction in angle a. In this case, a sust be equal to the 
angle of rotatio:a of search coil of goniometer. The paraa3zters cf 
duct and cotatable loop coincide with the parameters of the coils of 
goniogeter and fcasework of goniosetric system, but tas aitaal 
imductanca of tha duct and framework is equal to the maximum sutual 
inductance mM of the searching and field coils of gonionetar. The 
equivalent diajgraa of system with two frasework (Pig. 3.23) let us be 
guided during tha calculation of the effectiveness of goniometric 


system (see Chapter 7). 


The obtained cesuilts can be common for goniometric systes of two 


pairs of the spaced antennas. 


The coils of gonioseter it is possible to wind on framevork/body 
from insulation (aic goniometer). Coupling coefficient batween field 


and search coils of air goniometer is linited to value 9.9-0.5. 
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Fig. 3.29. Equivalent diagram of goniosetric systen. 


aan Salen 


Page 117. 


With the target/purpose of an increase in che coupling coafficient, . 
under the condition of the aniforaity of magnetic flux, ace applied 
also the gonioneters vith ferromagnetic cores (Pig. 3.30). As 


material sare applied the magnetic dielectrics (carbonyl, Alsifer ani 


others) and ferrites. 


In such gonirneters usually the rotor (search coil) is placed 


within stator (f1a14) coils. On sedius-frequency waves there are 


constructions whace the stator coils are mounted within rotor coil 
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(70.5). 
Of farrite core goniometers, the coupling coefficient between 


searching and field coils reaches 0.7-0.95. Good accuracy with iarge 


coupling coefficient provide coils with anifore vinding/soil on 





ferrite tori. Beginning and the end/lead of each winding are 

is connected. Reaoval outlets of stator coil fot the connastion of the 

; framework are taken through 90°, Of rotor the removal/outlets are 

taken froa the dismetrically opposite points of winding. For 

obtaining sore unifora field, it is necessary to carry ut a 

‘ nonunifora winding/coil of rotor, approxisately accorjding to 
sinusoidal lav, and to take resoval/outlats from the aidiles of the 
Bost diverse turas. Sometites of cotor are pade the supplasentary 

, renoval/outlets, shifted to 90° relative to fundamental, for use 

during the determination of the side of radio station {10.5, 4.6). 
For a decrease in the capacitive coupling, is applied the 
electrostatic shisld (see Fig. 4.17). However, an increase in the 
capacitance of windings by housing inpedes the use Of Such 


goniometers at aote high frequencies (large 25-80 Siz). 


Instead of the inductive goniometer it is possible to apply the 


capacitive gonioseter, which is adjustable capacitor 3f two systeas 


of stator plates and one rotor. 


i oe ee 


i 
if 
a 
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Pig. 3.30. Goniomater with the ferromagnetic core: 1 - field coil; 2 
- field coil; 3 - search coil. 


Page U18. 


If is made the requirement for the cosinusoidal law of a change in 
the coaaUnication/connection between the rotor and each stator, which 
is realized with the special form of the plates of rotor, then for a 
capacitive goniometer they remain valid of the relationship/ratios, 


derived for an inductive gonioseter. 


To Fig. 3.31, is shovn the schematic diagram of the input part 
of the goniometric radio direction finder with capacitivsa goniometer 
during tha application/use of spiral loops. In the used at present 
goniometric systess, predominantly with inductive gonideater, are 


utilized the unaijusted framework. The application/use of spiral 
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loops is inconvenient, since during theic use is require? the 

preliminary fine tuning of both framework for the fregueacy of the 

oriented cadio station on the local oscillator, which soaplicates 


work (4.8, 8.29]. 


3.10. Gonkormetric system from n of the spaced anteaonas. 


In §3.9 is examined antenna syster of four spacad aaitennas. In 
the radio direction finder of goniosgetriz system with the spaced 
wertical wire antannas, it is possible to use another nuaber of 
antennas. Let us examine the general case by the autanaa df syster 
vith n by the spaced vertical wire antennas (Pig. 3.32). Antennas are 
arrange/locatei in circumference at equal angular distance 2#/n one 
from another (t, 2, 3, ee, DH), the radius, carried out t> the n 
antenna, coincidiag with initial reference line. Bach antenna is 
connected to the appropriate field coil of goniometer (I, II , III, 
eoo, NW). Phe nusber of field coils is equal to the nuabder of 
entennass RK = a. Phe sutual location of field coils oa 
comeon/general/total framework corresponis to three-iisersional/space 
antenna location. Field coils are connected by star, common point can 
be grounded. Inside of field coils rotates search coil (bb on Pig. 


3. 32a) 
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Pig. 3.31. The schematic diagras of goniosetric radio direction 
finder with the capacitive goniosater: 1- the first fraaavwork; a) 


plate the %st stator; b) the plate of the 2nd stator; <*) the plate of 


rotor; 2. the second framework. 


Page 119. 


Bach field coil creates its magnetic field. If we accumulate the 
magnetic fields of all field coils, then in the correctly designed 
radio diraction finder, as in the simplest gonionetric systes with 
tvo sutually perpendicular framework, tha direction o£ tha resulting 
field in gonionetar foras with standard to the n field coil the sase 


angle, whick the direction of the oriented radio station is formed 


with initial reference line. 
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According to the scale of goniometer with auditory 
direction-finding nethod, is counted off the angle betvees the plane 
of search coil ani the perpendicular to the n field coil. When 
current stcength in search coil is equal to zero, This aajzle 
corresponis to bearing to radio station. 

Let us detecaine current in search coil of goniometer. 

Let us designate: 


Bg - the strength of field at the center of systen; 


@is an angla of the direction of the arrival of wava in 


horizontal plane sith the radius, passing through n-s antenna; 
B - the angla of the slope of a front of vave; 


2b - the diaseter of a circle of the arcangement/perautation of 


antennas. 
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Fig. 3.32. Antenna system from n of the spaced antennas: a) the 
circuit of the coanection of the field coils of goniometer (1, 2, 3, 
ese, N= Antenna; I, IX, III, woe5 N - the field coils 5f gonionseter, 
b-b - seatch coil of goniometer); bj) location n of antennas in 


plan/layout. 
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wu . 
On o-gd antenna operates the electric field with strength L,=L 


ah 
Poy cos Deus 


At the point of the location of the Leen distant ¢9 angle 


2wa/n froa the n-th, the strength of field will be 
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where a = 2vb/k c38 8, 5 = 2w/n, 9 - SR = 7 


It is known that ./°*' it is possible to expand in Pourier 


series - Bessel 


elect. 1, (aj +2 _ Ply (a) cos py, (3.49) 


pal 


and is analogous 


al gam\ 
| 28 cos Bcos | (q- — 


e i \ SS (eos 3 -L 


+2 ¥ Ply (eos 3) cos p ( _ =). (3.49’) 
pai 


where Jose Jae Jae cuore TP with first-order Bessel fFuiction the 


zero, first, secoad, ..., the p-th of orders. 


If wa designate by “.. the effective height of antenna, then eaf 


of the a antenna will be 


f2rb 
Em=Eyfeo | dy (608 Bit 








2 
2 
T2yi' ‘Th (Fees pcos pfu — em \) — 
pal 
=) A, Cos p Ge =)-y A, cos pcos = pip 
pad 
+5 A, sin p§sin = pm, (3.50) 
p-o 





Pal 
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where 


Aye Egtls (608 Bye Arey DEW! Iy (FF cus »). 


(3.51) 
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. Equivalent diagras for calculation. 


Por jietecaining cucrent in search coil of goniometer, one shouli 


solve systea from (n + 1) the equations: 


AZ, AMZ LZ. de lnZin He laZiy = E,. 
fz, i ee +/,2,, “Tee aban a fadyu =F Ey. 
Dll ge ahh & eth BAe ead acne oh ager ace Seeded ash ey 
1 a rd fy 20 ene ee Pe ety Fo 
Lay L,2uat Lalas Fee el n2un nn = 0. | 


& 


Here Ige Ia, Iye cove tp — currents in the field coils of 


goniometer !; 


& 
Zaae 2e20e Zaye -oee Ann the intarnal resistanzes of the 


circuits of field coils with the appropriate antennas; 


pias and car ~ current and the resistor/resistanc? of the duct 
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Of search coil of goniometer; 


Zaze zrye score we — mutual ispedances of circuits the Ist and 
2nd, Ist and 3rd, a-th and j-th field coils; 
Zu Zan +--+ 200° guewal impedances of field Coiis with search 


coil of gonioaseter. 


FOOTROTB '. We coasider that the currents in antenna mounting and in 
the field coil of goniometer coincide in value and in phase. 


Calculations are given in chapter 7. EHDPOOTNOTE. 


We considec that network elesents of all antennas are coapletely 


identical. 
Then 
bi Sey = hom Se = Law so = Lay joln, 
(3.53) 
where Zn the resistor/resistance of antenna itself; 


li the iadactance of field coil. 
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On the strength of the symaetry of the arrangement /pereutation 


of antennas (see Fig. 3.32b) 


Zm, me, = Zen, me, = 2a) Zm, moa Lan, mea = 
= Leg «Lm, meh = om, moh = ooh (3.54) 


Page 122. 


These resistor/resistances are accuBulated from sutual impedance of 
antennas themselves and from autual inductance hbetveen tha field 


coils, connected in these antennas. 


The solution of system of equations (3.52) for all carrents very 


cumbersorgely and is not given. 


Without solving system of equations (3.52), it is possible to 
conéuct the calculation of cucrent in search coil in the following 


order: 


a) to deteraine currents in each fiald coil, on the vasis of onf 
of antenna and iapedance of antenna circuit, taking into account the 
tesistor/resistances, introduced from the circuits of sther antennas, 
at the broken circsuit of search coil of the goniorneter whan it not 


coupled ispedance into antenna circuit; 


b) to find the open-circuit voltages, induced by ta3 curcents of 
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field coils in search coil of goniometer; 


c) t> calculate impedance of the duct of search coil taking into 
account the resistor/resistances, introduced froa the circuits of ali 


antennas; 


a) t> detersine current in the duct of search coil 9of 


gonioseter. 
It is feasible calculations in the indicated order. q 


a) for the calculation of the current of the rT we will 
use eguation from systea (3-52) for the circuit of the oy antenna: 
L Zing hing rie oe edn Ze Pe Ln 2mn 
tly Zn = Eu (3.55) 
We assuma taat because of the symmetry of the systea of the 
antennas of the amplitude of currents in all antenna ciccuits are 


identical, the phases of currents are determined by the phases of eaf 


in the appropriate antennas, i-e., 
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After substituting in (3.55) expressions (3.48), (3.53), (3-54) and 
(3-56), we will dbtain 


e ~ - os 
pp aii ileal. 


Teves {(Zuo -+ joLy) e/4 SOREN 2, Be shal ad ea az 
' fa Con [FB (FI : 
re }+ Ze; {e 
Ja cos (@—S(it2)}) aj ahs 
Pe * Jars 2. Us le ene MN 
2 


ja cos [@-—di(m=s) , 


ROWS eo Sa 


r° jad O¥ ee Bee aes 
= £,, = E,l,.e"* a (3.57) 





for even nuaber of antennas. If the nagber of antennas is odd, then 
last/latter tera in the curly braces is absent. Let us use the 
forsula of expansion (3.49') for the components of expression (3.57), 


soreover we will be restricted by two members of series !: 
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Fano (Zee ie£n) [Jo (a) + j2J, (a) cos (4 — 6m) -F . 
A 2Z 6, (J, (a) + i2/, (2) cos (4 — Buz) cos 8] + s, 
+22 6, [J, (a) +f, (2) cos (h — 8m) cos 28} 4-. 
+2 , (J.(a) — i2/, (a) cos (9 — bm)}} = 
Sz 


= Eglt co [Je (@) + j2/, (a) cos (4 — 5). (3.58) 


POOTNOTE *. This ligitation sufficiently for the establishaent of the 
couditions of the error-free operation of system (sea §4%.3). 


ENDFOOTHOTE. 


The voltaje of antenna has two components: depending on the 
direction of the arrival of wave /2E,/../, (0) X cos (4 — dm) and 
independent of it [F,/../.(¢)) We respectively have two dif ferent 


equations for determining antenna resistance. 


Por the component voltage of the antenna, which Japeads on the 
direction of the arrival of wave, complete antenna resistance is 


expressed 


a! 
Z,2 = Zag t jolan+ Vi Z¢,, cos bm, (3.59) 


a | 








ra 


Rees 





Doc = 77223206 PAGE .36~ 
220 


independent of direction @ and the nuabet of antenna. For the 
coapoment voltage of the antenna, independent of the dicestion of the 
arrival of wave, the expression for coaplete antenna rasistance takes 


the fora 


am 
2 Zab joly Tr ~ fom (3.59%) 


Page 124. 
Let us calculate antenna resistance (3.59). 


Sutusl iepetances of antenna circuits Zen conSist of sutual 
impedances of antannas themselves Zena and the autuai inductance 
of the field coils, connected in antennas. We assume that if the 
angle between the planes of two field coils is equal to 6a, then the 
autoal infiuctanca of sach coils is equal to <KLy cos Se, where K 


is a coupling cosfficient between the field coils, planar. 


Therefore 


nai 
n—l . 


n-} 
> Zemcos bin = NY Zen, 9008 8m 4- july K > cos* bit. 


mat mat mes 


Since 


nal 


y) cos? bn = + i, 


mal 
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+hen 





n=l nwt 
y Zom cos bin = 3 Zem actos but q- fol, K (3 a y 
1 m=l 


ms 


and complete antaana Ccesiatance (Z,,) vill be 
nat . 
Ze Zan FY) Lema costn tise KF ay 4 
ps (3.60) 4 
The aaplituils of current in antenna is designed froa the foraula : 


Eqhes (3.61) 


T wane = Zat 


b) let as d3tersine the opea-circeit voltage £:. with the 
induced currents 9f antennas /: in search coil of gonioneter, 
considering that search coil foras angle a with standaci to the plane 
of the n field coil and that the aagnetic fields of fieli coils are 


unifora. 
Page 125. 
Let us designate; 


Mave: @axisum mutual inductance between field ani search coils s 


of goniometer: 


2 


Muu 7- Mousse Sin (dm —2) gutdal inductance betwean my fLeli and search 
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coils of goniometer. 
Then a 
Ey = j@Muane Y sin (6m — a) / = = 
ms) “a 
= j SMeane y E,, sin (8m — a), (3.62) 
at - 


a 


After substituting in (3.62) expression (3.50) for &., we will 
obtain 


4“ 


Ey=j ay (y A,,cos pcos = pin + 


at 
m=) p20 


foe] 
) A, sin po sin Tz Pa) sin (em a a) 
p=9 


n co Zz 

r A Mane ‘ v 
Ex=j Ze CN A, cos p' cos == pm xX 

at a x! 

p=0 . 


mai 


Or 


@ 
2n : . on cn >} 
=e f = Alle j 
X cos - m+) A, sin p) sin a pincos — m) sin a re 
p=! 


a 
mi 2 ; 
sale) A, cos pi cos — pmsin a Uh 
p=0 


ay Ay sin posin =< pm sin = m \ cosa |t. (3.63) 
p=l 
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After using the transformations, given in appendix If, we will 





obtain 
Ew=i ea + ty Aang, Sin (ka + 1)8— 
a=u 
— YY) Aan-, sin (ket — 1) 0 | cosa — Aang, C08 (Ra--1) O-- 
Finan] one -[G 
+) Aan~, 0s (kn — 1) 4] sina \ (3.63') 
Page 126. 


Let us write expressioas for “, in the folloving fora: 





: Aluaue s 
Ey = 7 Hake, (3.64) 


where Haw the equivalent effective height for the directional 


reception of goniometric systes froma n of the vertical wire antennas. 


On the basis (3.63%), (3.51) and (3.64) we have 


Hi yy = Neolt {4 or bcos a\sin (4 — a) + 


Sey (Fb cos 3\ sin [((a-- 1)4§—al + 


p 


aa lag (7% bcos) sin (4 1)9 --a]+.. : » (3.65) 


sede sis anna vina ‘tat ‘bio OE TE Te ETO ERPS TS ROR ie ae as ‘edt’ ? 





=f 


ce aut ‘hth = tained tal sa este tom cb. ~ihn allen stint Sale theta wilnee, wind ln cadiafibilte Wh bd 


i 
i 
4 
df 





oe ame 


poc = 77223206 PAGE A 
‘i pad 
a4 
hr: POOTNOTE *'. Before the expression “. is lowered ainus sign. Teras 
H with | designate stress component, out of phase in w/2 fro 
. fondasental. For yreater detail, see §4.9. ENDPOOTHOrE. 
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nt 
1 


4 


Boal ie 


If the diameter of the arrangeaent/permutation of antennas 


r ' 
. (separation of antenaas) 2b is selected so that it is possible to be 
es restricted one ficst term of a series (3,65), then 
Hug = ApottJ, (Fh bcos °) sin (6 — a) 
& ws 
and 
Ena Pere 77448, sin (4 a), (3.64") 
Zt 
where 
Hage = heottJ, (F bcos). (3.66) = 
With 6 = 0 we hava 
AH aq = hath, CE 0). (3.66) 


The aquivalaat effective height ‘T's, is maxinaa, when J, (2#/r 


b) = max. PFirst csot of this eguation - 4.84 or 2b/rX * 3.5896. With 


J,(27/d b) = 0 egaivalent actual height altitude is equal to zero. 





cto ea 
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The smallest value, which satisfies this condition, will be 20/k 
b = 3.83 or 2b/A = 1.22. 


Pirally, in the case when 2b/vA << 1 and Jy (27/dX b) ae wb, the 
effective height 


HM ayy = > Olen >. (3.67) 


c) Zapedance 2: of search coil consists of inductive reactancs 


of search coil /*Ln, load iapedance = 2: and the 


resistor/resistances, introduced from the circuits of the field coils 


of all antennas. 


Mutual inductance between a“tiera 4i by search coils 


Man = Mane Sin (én ~~ a). 


Tapeiance of search coil ‘as the expression 
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: at Ap, 
2n = joly+ 2, + ; » Ze = joly-+2ur 
+a Y)sint (bm —a). 


mat 


wadbbiss dilalt ts dial. cult i i abe teins adh: i ai il hh iii 


Taking into account that 6 = 2e/a, 


sint 2 —ma= y cos? 25 Me = 


rtsl 


cuit tliieatdie 


and 


A 2 n 
. Rn s 
y sin 7 m= V) cos Sm = 0, 


mal ms | 
we obtain for Z, 
: tot 442 
Zy= jolz+Z,-+ a > (3.68) 
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4) @xpression for a current in seatch coil on the basis (3.64*) 
and (3.68) with not the very large separation of antennas [see 
(3.64¢) } will be 


[ete Meat H yaygFg Sit (0 — a) = 


OMasueheots ( = 6 cos 3 Vn 
= i 2): (3.69) 
(JL + Zu) Zp FOIA ce - 





Pe Pan *: 


at 


fia. 


a’. 
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We exaaine the case when the nuaber of antennas n - even and opposite 
antebnas are connscted to one and the sane field coil, then the 


Nuabet of field coils N = n/2. 


Let us leave for the inductance of field and searth zo0ilS of 
goniometer, and also for the mutual inductance of coils the adopted 
previously desigaations: 


La, La, Maw, Man = KoL,, cos (2nm ) ; 


ce 


only a here waries from ! to N. Prorm formula (3.60) the expcession 


for impedance of the pair of antennas will be 


al 

Z,_ = 22a, + jolnt2 N Zem a 00s Smt + 
=! 

N=! m aes 

Ae jel yK Ni cos* mt = 22g 2 NY) Zem a cos bm + 
mal m=l 

. N V4 1 127 
+ joln [A (Fit). (3.70) 


With K = 1 


| 
{ 





Pore Ge Oy are 
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25 = 2255-4 2y) Zemacosdm + jaly %, (3.707) 


mal 


fhe cesistor/cesistance of search coil ve will obtain froa 


(3.68) ia the fora 


A= jel, + ha + mance ye 


wtat? 
Zar 2 a 
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Let as relate the equivalent effective height of systea May 
to the effective height of the pair of antennas, which let us 


designate 
LS = £226 ~\ 2: 
Hy Won sin} = CO8B } > Aho, ( + cus 5). 


: yt eng eed 
Then from (3.66) we ootain that ady = Tg “5 - 


Current in search cvil is designed fros the foraula 


N 
wMiasucll, a E, 
),= -——————-—————_ x sin (4 —2). (3.71) 


(ialy + Zun)Z,e+ OAL ae 2 





When @ =a /,=0, at @ = a ¢ 909% Ji HJa nae. 


On Pig. 3.33, is given equivalent diagram for the calculation of 
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the current of search coil of the goniometer of systea from N of the 
pairs of the vertical wire antennas. Applied eaf corcespoads by 
aaxinen eaf of one pair of antennas, atitiplied by iv Ta 
accordance with (3.70) the inductance of the first duct (field coil 


byow= by | K + —'\+i). Coefficient K can be teken as 9gval to unity, 
y—'} Pg 





oA K 
then Lo =Ly oe Coepling coefficient of both du Kee 
with K 2400 Ky»=K;r to the coupling coefficient field 


and search coils. 
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Pig. 3.33. Equivalent diagram for the calculation of gonismetric 


system with no by the spaced antennas. 
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Equivalent autual inductance of ducts Me=Muano / 4-. 


Antenna resistance is expressed 


n-\ 


P 2 
Zou = 2Zae = 2 y’ Zera COS — 


mot 
Curcent in search coil of gonioseter taking ints account 


equivalent diagras and :3.71) is designel from the foraola 


Lj mac — 








(joL, + ZuNlZe poe fO.us) 40M? a 
7 
oM,//, f= g, 


{ wih? 
(Zoey + peie\ 10b6 + Zut+ Zio + [Wins 
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In two-channel visual radio direction finder (see §3. 3) during 
application/use by n- antenna of syster i8 utilized the aatching 
cellyalesent, which is gonioseter with N = n/2 field and with two 
eatually perpendicular search coils from which are reaove/taken the 
voltages on channels. Structurally cell/elerment can be maie so that 
search coils jo not rotate and have constant orientation «ith respect 
to field coils. This satching cellvelement he is sometias3 called 


coordinate transforaer. 


Let us dasijgiaate the angle, foraed by the plane of search coil 
of the first channel with standard to the nf field coll, */2- a. 
Second search coil foras with the sase standard angle x. fhen the 
currents in the circuits of search coils of coordinate transformer 


ere detersined fros the foraulas 


ONG SS Sra SE Se ie Re a ae wh Ee a SE SE ST a GI EET TIT PE OEE ESE Sat ase a 
ris AS E: Saree Res Pet ee eee Sd ae = cees 
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N. 
woM, fi, V+ E 
I = (jolus + 201) (Zee + JaLas) + wM; 


WN 
oM,f/, V+ E, sia (9 —a) 






cos ('—a), 





7 ie 
REL PES OP ee Cer Toh eee eer PEC T aN aee there oe sacl 


RRR EOP apa 


ee 

Ins i (eolus + Zn) (Zee + falas) + até? 
ie and during satisfaction of conditions (3. $6) the relation 
1 i= te ( —a). z 
| 
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See 


Systea with parallel connection of adjacent antennas. 


rs] 
- oo 


In radio licection finder with n antennas, it is possible to in 
parallel connect the adjacent pairs of antennas. The fieli coils of 
goniometer are insluded in this case, as is shown Pig. eA Angle 2y 
between the connasted in parallel antennas can be not agua) to 2r/n. 
Tais connection 2f aateanas makes it possible to decrease two tines 
the nusber of field coils of goniometer and, for example, in 
eight-antenna system to use gonioseter with two field coils. During 


this connection also is facilitated the connection to eight-antenna 


: 
: 
| 
| 
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systens, vhich obtained wide applicatioa, two-channel ceseiving 


iadicator. 


Por this cass is retained entire analysis, given earlier, only 
in the course of calcelation ome should make the followiaz changes: 
dastead of a to take 2/2; instead of each ters of expaasion (3.63°) 


to take the sua 2f two teras, in one of whict (1 nj x\) Guo Leased 


Ag Cm nia ci yx (tv) tu other, Li. (we as2 2 He ve 


where 2y is an angle between the consected in parallel aatennas (Pig. 


3.3%). 
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Fig. 3.34 Circuit diagras of field coils during parallel connection 


of adjacent aatesias. 
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With this addition we will obtaia 


Ey j SMa oes E,A, HDA * in (eg +1) OX 


X cos & ore \-¥ Ava sn (« A i‘) x 
X cos (& $al {]oos a [DA # gos ( ylyox 


\ yal 
Xoos (# FN) Pa, A a con (e-—1) 1} 
2 


al 


(3.73) 
as before, when 2b/r << 1, 
OM ware 
aoe mea a Eyl eattd, (= cos p) cos {sin (4 —a) and when 


f§=a £,==0, 





: 


a ae here: . 
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3011. Antenna systeas vith acute/sharp directional characteristic. 
Application/use a of antennas, straight. 


Por by the aitenna of the system of the directional ceception it 
is possible to utilize n of the identical antennas, straight (Fig. 
3. 35) and parallel-connected. Let us designate @ the jiistance betveea 
adjacent antennas, 2b = d(n - 1) - the complete sepacation betveen 


extreme antennas. 


It is known that during parallel (cophasal) connection of 


antennas standardized/normaiized directional characteristic is 


expressed 
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t 
sin( md sin 8 cos +) 


F (0, B) =F, (0, 8) —~_~————-,_ (1.74) 
asin (y md sin @ cos ') 


where F,(@- 6) - directional characteristic of single antenna; @ it 


is covated off from perpendicular to the line of antennas. 


solves 


26 
Pig. 3.35. Antenna system from n of the antenaas, stcaizat. 
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When 6 = 0, is obtained cadiation pattern in horizontal plane. 


Then 


n ; 

sin ( % mid sin 6 | 
a (3.75) 
asin \2 


F(b)= F, (0) 





md sin 4 ) 


Examples of the radiation patterns of the group of the vertical 


wd vire anteanas in horizontal plane are given on Fig. 3.36. 
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Pig. 3.36. Effect of the nuaber of the vartical wire antainas and 

distance between them on directional characteristic: d = a/2 - the 
effect of length 2 v on radiation pattern with the distance between 

the vertical wire antennas A/2; 2b = 3y - the effect of the distance 
between the vertical wire antennas on radiation pattern at the 


overall length of systea, equal to 3d. 


Key: (1). Length. (2)- Infinitely close location. (3). Distance. (4). 


Line of the location of systea. 
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a 
x 
q In this case, it is accepted that F ().; i.@. that the separate 
antennas jo not possess the dicactional reception. On Phy. 3.37, are 
re 
ft given for this systea the directive gains D depending on 2b/dA. On the 
4 
' basis of curves (Fig. 3.36) it is possible to make following 
: conclusions. The Candamental saximua of diagram is alvays directed 
\, alcag perpoendiculac to the line of antenna location. Diagraas are g 


syarsetrical with respect. to the line of antenna location and with 


respect to perpendicular to it. 


Simultanesusly with the main lobe of radiation are asinor lobes. 
Their nuaber with change ° from 0 to 90° equal to nuabac vhole 
waves in complete separation 2b. The level of the maximaas of rinor 


lobes is designed from the foraula 


i 
F, (9) =e Ta: 3.76 
nein er a ¢ 





With large o foraula (3.76) is sisplified: 


m z 
Fi) =a 


and for the maxisaas Of minot lobes we obtain consecutivaly values of 


f 





ate 
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0. 212, 0.128, 2€ 9.091 so forth from the level of major Lobe. 
With ap iaccease in the separation between extreme antennas, the 


width of the sain lobe of radiation decreases. The width of sajor 


lobe with the arop of asplitude to zero for large n is eqaal to 


2Y 5 





‘Q(n—1) 2 a 
n a Ty Lod 114,6-7, deg. (3.77) 


The width of saajor lobe with the drop of power tvo times with the 


sase condition will be Oy, = 508, deg. 


With that which was assigned 2b width of major Lobe weakly 
depends on the nusber of antennas, decreasing with isctease in d. 
However, considerably cannot be increasei d, since wita 1: increase 
of 4, i.2., with Jeccease in na with that which was assigned 2b, 
increases relative value of minor lobes. With d >» ainodr lobes are 
egual to the aain thing, i.e., appear supplementary princi pal 


paxiauss. 
Page 135. 


Sosetises is placed the problem of suppression to tha detereinel 


side~lobe leval of radiation pattern. By characteristic the optiaua 
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wT a 
antenna of systea, vhich possesses the sininua width of aajor lobe “vo =z 
with the required side-lobe level and equidistance betveen antennas, 
is Caebyshev polysosial degree n - 1. The voltages, cenoved froe 


antennas, in this case decrease to the edges of antenna. 


This they acnieve, for example, by introduction into the 
antennas of the voltage dividers; then the effective haijgat/altitude 


of system decreases. 


The supprassion of sinor lobes it is possible to also achieve = 
(with the identical voltages, removed from antennas) by the 
establishaent of the different distances between antenaas, which 


increase to the adges of systea. 


The degras of the suppression of sinor lobes in pcinacsiple can be 


any. 
The calculations of the voltages, removed from antennas, in the 
first case also of the required distances between antennae in the 


second case are jiven in the courses of antennas [3.2, 3.3}. 


Duriag a deccease in the minor lobes, is expanded the sain lobe 


of cadiation and decreases directive gain. 
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Fig. 3.37. Directive gains of system from n of antennas with cespect 


to single eritter. | 





290290 0 330 35010 30 50 70 3 


Fig. 3.38 DircectlLonal characteristic: 1 - unifors gratings 2 - 


grating with Chebyshev distribut‘ on. 
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On Fig. 3.38 for a comparison, are given the radiation patterns of 


uniforga geating and grating with the suppression of aiadr lobes to 
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Cet with an = 5 and d= 0.52. 


bars: te a ar z sis he 


It is possible n of antennas in question to break iato two 


LRP, 





cophasal groups by n/2 antennes and to connect both yroups so that 


‘| the voltages of jcoups were subtracted. Then ve obtain radiation a 
hi pattern with zero along perpendicular to the line of antaanas. 1) }©&§— } 
1 = 
a directional charastecistic will be 4 
Y 3 
¢ 4 
s where P, (8, 8) is directional characteristic of single antenna; 3 
\ P. (8, 6) - the standardized/normalized characteristic n/2 of 


the broadside antenna arrays; 


F, (9, P) - the standardized/normalized characteristic of tvo 
groups of the ant3nnas, connected on differential principle. 


sin a imdsin@cos 5) 


3.79 
Oates: Oe 
y sieges sin @e } 
tle N 7 
F,(0, 3)=_sin Ga sin) cos 3): (3.80) 


Here D, = ad n/2 is a distance between the aiddles of both groups of 


antennas. 
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After substituting foraula (3.79), (3.80) in (3.73), we will 


eae ee 
{ 


So eed 


pad Oe 








, obtain 

{ 

2. n \ os 
- 1 —cas q md sin bcos} ) 3 
- F.(0, 6) =F, (0, B)—— Fj —<~ B81) q 
+, asin (3 md sin 6cos $ 4 
j : 


Differential directional characteristic (3.81) 13 syanetrical 


a inne, y 
d 


relative to the line of antennas and standard to the lina of 
antennas; it has sainor lobes number and aaxiaums of which depend on 


separation d ani the number of antennas of system. 
Page 137. 3 


The pain lobe of cadiation seemingly bifarcated itself - instead of 
the maximus, dirested along perpendicular to the line of rntennas, it 


hag zero value in the direction of this perpendicular. 


The iaportant characteristic of differential cailation pattern, 
which determines the eccuracy of direction finding, is sutual 
conductance in Zero/”,,)!.Imn by usual antenna to systes with 
eguidistances between antennas with the identical voltages, removed 


from sepacate antennas, for the number of antennas 


Z ( ner and 
n>s and © <OSF',()=0,7 3. 
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Por an incraesse in putual conductance /.i(i it is nacassary to 






“a 


resove/take with the antenna of system the differert voltages, which 


decrease to the edges of its halves. Diractiona’ sharacstacistic of 


Bee 


the optinua systea, which has the maxinua value of 





- slope/transcosductance in zero on the assigned side-lobse level and 

co with the miniaua width of major lobe of diagras, is the polynosial of 
ie Akhiyezer of degree n - 1. 

. Work [3.10) yives calculation by this antenna of system and are 
7m investigated its paraneters. It is shown, that the saxinally 


attainable slope/transccnductance, vhen 4/2’ < 1/2, will be 


With that which vas assigned 2b slope/transconductance F’,, (i) 


increases with increase in n. 


nb 


with d/rx > 1/2 slope/traasconductance F'()aane = y-) Le@. has 


the same value, as of systerm of two anteanas. 


a eel tte teens, abe Cob uribalmatcol Lima: eon anid ARR dl ad: bec bay 


A daficiency/lLack in the optisua systeas is their narrow band 


coverage. 4 


ATT Tere eT ene 


A system of the vertical wire antennas can ba utiliesd as rotary 


for detersaining the direction of radio stations in the minisus or in 


TS 6 wee 


4 
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the maxinua of raliation pattern. 
Page 138. 
_In order to >btain the directional ceception only on one hand, 


one should to use reflector, i.e., establish/install a secies of 


wires, parallel t> antennas, in that side ftom by the antaona of 





systea, whence is undesirable reception. Distance of ceflaector 
usually takes egual to 1/4 average wavelengths by the antenna of 
systes. The wices of reflector sust on height/altitude project emerge 
beyond the limits of antennas at least to value (,- the distance 
betveen antennas and the reflector. To the sase value the width of 
reflector to each side must exceed the ssparation between extrere 


antennas. 


The effect of reflector, which is located at a distance “ frop 
a series of the vertical wire antennas, is cunsidered by the facts 
that in calculation instead of each antenna of system takes tvo 
antennas at a distance 2d, one fror another and with phase 
Gisplacemsant 1°05 at e. de the s. of antennas. In order t> obtain 
directional charastercistic of this system in front of reflector, it 


follows directional characteristic of tha system of asteaia without 


reflector (3.74) dc (3.81) to multiply by sin (img, cos 0), 
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If we betweea the separate vertical vire antennas of a series 
(Fig. 3.35) introduce phase displacement ~“ then cadiation pattern 
instead of (3.79) and (3.81) they will be expressed 


a 
sin | = (md sin 8 cos  — 4) 
Sie 
F(0, 3, 2) = F,(0, pe eee] (3,82) 
nsin [ (md sin ‘cos B--y): 
J 
| —cos [F (md sin @ cos 3 -4)| 
Fy (4, $Y) =5F, (0, 8) ——to ggg) 
nain [ 5 (md sin bcos} —¥) ! 

Bgualiziaj zero arguaent of the numerator of expressions (3.82) 
and (3.83), we obtain, that the maxiaue or the nininua of the sain: 
lobe of radiation with phase displacement ™ is curned tp angleg@,,, 
determined fros the condition 

‘Ym = Md Sin Om COS B, (3.84) 

The angle between the opposite maxisaums or the siniasas of 
diagrams in this case is equal to /80°+20,. i.e. it appears the fracture 
of the centerline of radiation pattern relative to the line of 


antennas. 


Page 139. 


Purtheraoce, diajcanms becope asySsetric Celative to ceaterline. 


Changing phase displacesent ;,, it is possible, utilizing a 
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eaotionless series of the vertical wire antennas, to rotate diagrara of 
the directivity of system and according to saxinua or ainisun of s 
@iagram to detaraine direction in radio station. Deficiency/lacks in 


the systea are fracture of the centerline of radiation pattern during 


Bede Ja ioe aS 


its rotation aad asyasetry of diagrams. The first deficisasy/lack 
drops off during the application/use of a reflector, since is 
elinimated one of the maxinuas of reception. Asynuetry oF diagran 


limits 4,” 


For obtainiay the rotation of radiation pattern, phase 
displaceaent Ww. should design from (3.84) for certain saan angle of 
tle slope of a front of wave 4. and calibrate phase displacement in 
the degrees of tha rotation of the maxisum (or the mininas) of 


sadiation pattern. 


With a chanjga in the angle of the slope of a front of wave §, is 
obtained the high-altitude error in the determination of the saxinua 


(or the sinimua) 2f crediation pattern. 


Actually, at the angle Af, different from |. for which are 
designed phase displacements, the aeasured angle ;, will not be 
equal real g,, siace 


SiN @, Cos B = sin Pu COS Bq. (3.85) 


Will be obtained the ercoc in the determination of direction, -.,,—1,. 





4 [ee ee ee ee a wonanfeces: james ce be ei on: 


poc s 77223207 PAGB j2— 
3¢f 


which it is iJesigned with the aid of foraula (3.35). 


On Pig. 3.39, are given to the dependence {ons vith 


different p from 0 to 60° and f-=0°. 





If phase displacesents of systea are designed for any other 

t ; angle of the slopa of a front of waveic#O.then high-altitade error 

ae for an anjle of incidence § is equal to a difference in the ordinates 
of curves, that correspond to the values of angles of iasidence § andf, 
at the assigned values ‘%: or a difference in the abscissas of the 


4 sane curves at the assignad values @. 


During calculation by the described antenna of systea, it is 
necessary to consider sutual antenna resistance, which is deterained 
from the aethod of those induced by emf (3.1, 3.4}. If aatenna systen 
is designad from a of autennas, then they are usually 


establish/installed by n + 2 antennas. 
Page 140. 


Extreme antennas sare not incladed in diagram and serve only for the 


creation of the identity of the resistor/resistances »f all antennas. 


System with acute/sharp cadiation pattern as any thar antenna 


a 


| 





° 
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systes, is characterized by the radiation resistance, efficiency and 
KWD [aicectivity factor). These parargeters deteraine the 


sensitivity of ralio direction finder. 


The pethois 9f the calculation of the indicated parameters by 


the antenaa of system are set forth with the courses of aatennas. 
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Fig. 3.39. The aspendence ‘ on ‘a with different 6 (it is accepte3 


Page 180. 


Circular antenna 3ysteas with acute/sharp directional characteristic. 


For the realization of smooth rotation ta 360° acata/sharp 
directional charastecistic in sotionless antennas, is spplied antenna 


system from arcanjed on circumference o of the vertical wire 


antennas. A circular antenna systes can be utilized with reflector 
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and without reflector. ¢ 


fhe principlsa of foraaticn/educetion acdvxovation of radiation 
pattern in by the circular antenna to system includes the following 
(Pig. 3.40). Feos a of the antennas of system, are selectsd a of the 
antennas which force direction-finding group. Im the anteasas of group 
with the aid of aatenna coanutator, is introduced to tha sircuit of a 
tine delay in this value (t1"/c, 22%/c, 33°/c oo, veers > is . 
velocity 29£ propajation of radio vaves)in orier tO sake aven the 
phases of eaf of the antennas of group for direction 99° and 
seemingly to lead antennas to those who were arrange/located in 
straight line Ak,. By the central line 00° of the antenna of group 
they are jivided into two subgroups. Exaf of tbe antennas of right and 
the left of subgroups store/add up into two voltages £2, and B, which 
for direction finiing they are summarized, or from £, it is deducted 





During the rotation of antenna cosautator, change the delays in 
antennas and anotannas theaselves so are changed over, that the center 
of lime AA, seemingly rotated synchronously with the cotation of 
commutator in intsroal broken circuafereace (Fig. 3.40), the Line of 


antennas occupyiny positions BB,, CC, so forth. 
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Pig. 3.40. Principle of the use of a circular system of antennas. 


Page 142. 


When the Line of antennas CC, is perpendicular to direction in of 
radio station P, is cbhtained maxinua voltage according to total 
directional characteristic and zero voltage according t> iifferential 


characteristic. 


fo Fig. 3.41, are shown the total and differential cadiation 


patterns of direction-finding gronp. Minor lobes in figuca for 


simplification ara not display. Antenna commutator consists of 
motionless stator and the rotatable rotor (Fig. 3.42). 
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Pig. 3.41. Total and differential radiation patterns: —-———— total 


diagram, - - - differential diagraan. 


Fig. 3.42. Diajgrcas of antenna comegutator for by the cicsular antenna 


of systea. 
Key: (1). Switch Ls sum of difference. (2). Receptor. (3). 


fTcansforeers of the subgroups of antennas. (4). Circuits of time 


delays. (5). To the antennas of circular systen. 


(Page 143} Gtator-rotor unit have platas, serving foc tae creation 


of capacitive coupling between then. - 
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To the plates of stator, are connected the antennas, to the a 


plates of the rotor, which has two sysaetrical halves, setving for 


24S, 
a 


the creation of tvo halves of the group of antennas, ace wired 


a 


circuits of tine Jelays. 





¥ 7 
’ . The latter can be fulfilled in the fora of the cut cables or 

¢ actificial line. Delay units can be utilized separate foc each plate * 
‘ of rotor or can b> applied comaon/general/total for each half of E 
: rotor. The electrical length of chain of time delays is designed on i 


the basis of geometry by the antenna of systea for certain initial 

angle of the slops of a front of wave 3.. During the applicationsuse 

of coanon/genecal/total delay circuits, the load froa antennas aust E 
be 4-5 tises the aore than wave impedance of cifcuit. Pha. the 
disturbance/breakiown of the aode of the traveling wave saall is 


retained the electrical length of line. 


The number of plates of stator is equal to the nusber of 
antennas (n). The nuaber of plates of rotor, which are nesessary to 
one plate of stator, or the multiplicity of the plates of rotor 
relative to tha plates of stator is selected based on the instrument 
errors of antenna comsgutator (see §8.9). Total nuaber of glates of 
rotor depends on the nusber of antennas in direction-finiling group. 


Separately store,/add up the voltages of right and by the Left of 


Subgroups E, and £2. By a special switch is realized aiiition or the 
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subtraction of voltages E, and E,. 


Direction finding consists in the searching of maxiaua or 
ainiaua of reception. Angle on the scale of antenna 3f acsuaulator 


corresponis to azinuth. 


Direction finding can also be realized without the rotation of 
antenna COmmutatoc according to the sua-and-differencs aathod whuse 
principle is desccibed into §2.3. For this, antenna cosautator is 
establish/installad so as to lead the direction-finding group of 
antennas, for exaaple, to straight line AA, (see Pig. 3.40). The 
central line 33, in this case is the zero reference line of bearing. 
The sun of the voltages of tvo subgroups of antennas AD aad DA, (U,) 
is fed to one paic of the plates of cathode-ray tube, for example to 


longitudinal plates. 

Page 144. 

Voltage differensa of these subgroups of antennas (U,). ate phase 
shifted by 909, is fed to the second pair of the plates 2€ tube, 


respectivaly to sorizoatal plates. Direction finding is cealized in 


certain sector 2 Unaie- 


Let us ceplace each subgroup of antennas with ona 2quivalent 
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antenna with effective height A.. 
Let as designate: 


2b. = the equivalent separation of tvo antennas, which replace 


the subgroups of antennas; 
@* - the aginuth of redio station with line 00,. 


Then in accordance with that which was presented is aarlier the 
asplitude of the sua of the voltages of the antennas 


{/, == 2Eh, cos (mb, cos Bsin N'), 


the aaplitude of voltage differeace of the antennas 





U, = 2EA,sin (nb, cos psin §’). 
On cathode-ray tube is counted off the angle a, detacsined by 


U aaars 
expression tga v= ty (mbycosB sin"), Of a== mb, cos 3sin 0 = 0,5 (2mb, cos psin 4’). 


Angle on catiode-ray tube is equal to the half of a difference 


is phase. BEaf. in the antennas +, since 9 == 2h. cosssin@. 


The scaling factor Kk, from angle on cathode-ray tube a to 
azimuth 6° will ba (at Low values 6‘, when sin 0’ ~ 6*). 


Ky == Mth, cos 3. 


when Bp = 0 Kq = and #j"=-— . 
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The sector of direction finding (2.18) is deterainai by the 


SES 


expression 
by 
a 
Fs fo perforeaase calculation of the directivity of cicsular 
* antenna systems is dedicated a series {[3.12, 3.14, 3.15}. 
: Let us deteraine for an exasple of the expression of directional 
= characteristic for by the antenna of system without ceflastor in the 
a case when for ths formation of dicectional characteristics 
siaultanesusly ace utilized all antennas [{ 3.12}. 
Page 745. 
| We count off aziauth @ to radio station from diameter by the 
antenna of systea, of the corresponding to the position 2€ the line 
of symmetry anteona cosautator (CC, on Fig. 3.43). Let us designate 


by @_ the angle batween direction of CC, and by the cadius, carried 
out to the nearest to it clockwise antenna which let us zdnsiiler the 


noth, gsoreoverc a: it varies from 0 to 2s/n. 
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5 If By is strenjth of field at the center of the systea: b - the 

oi radius of a circla of the arrangement/permutation of anteanas, then 


eaf induced in the ms antenna, will be 
Em = Eyftgs exp [jb cos eos (s— Fm — ay ) |. 4 


e In the case in guestion line AA,, td which are led all antennae 
by means of the introduction of the phase delays in eaf of aatennas, 
is tangential to the circunference of tha arrangement/percasutation of 
antennas (see Fiz. 3.43). In emf of the s antenna, in orisr to lead 
the phase of eaf of this antenna to the phase, which cortesponds to a 


line AA,, is intcoduced phase displacement 


Qn Poe on fee ' ) 
Ym = 7 4 C08 pe | i ad aa eee) 
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Fig. 3.43. Bringing by the antenna of circular system t> Linear. 
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The voltage, renoved from the ma antenna, taking iat> account +. 
is equal 


. - fan, ‘ / 2a \ 
Om = Eght no OX j £3 b | COS fF Cus te — Mh = ay ) - 


p (2% 
— CUS Jy COS Ui I -f a, ) 





— Tt COs fe ; (3.86) 


The Last/latter tera of exponent does not depend on a» and 6. We 


convert the depeniing on ap and @ part of the exponent: 





| and 
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Qn \ 
cos B cos (0— 2 m— a,)—eus 84 cus ei Re 
== COS ers m +4) (cos B cos 4 —cos8_) 4- 


‘ 2 
++ sin oF m+a,) cos J sin § == A cos (1 — = me a.) 


vhece A= cos* p+ cos* pg -—— 2cusPeuss,cusG (3.87) 


ipicece ot (3.88) 


cos bcos —cus ve 


After substitutiay (3.87) and (3.88) in (3.86), we will obtain 
UO n= Elen expi [ KoA cos(1 -_ a mn — a.) | = 
— 1 bcos Pol (3.89) 
It is decOagposed (by 3.89) im Fourier series - Bessel analogous 


with expansion (3.49), aoreover factor @ “i ’'"*% 8 not considered. 


since it does not depend on © and ae: 


O'm = Eylten l, (x bA)+ 


i) 
’ ar 1 
+2) IL, (HbA } cus [2 (1 — im —4,)]h. (3.89) 
pz 


Let us deterasine with n even the total voltage, reaoved from all 


afitennas: U= y Un =E,heo de (F vA) + 


mat 
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- Aa /2 \ 
4-2 y i'd, \x ae cos [2 (1 os im = a,) |! 


li 


& 
a) 


or 
U, == EB yltentt We (Foa\+ 
sayt Tae eee 
+2 x 1° Jen ( x 6A } eos [un (7 ali] (3.90) 
ol 
Page 147. 


With addition it is accepted into consideration, whish 


y) cos [P (1 _ cae n— a, \|=n cos [un ({ ~ 2,)] 


m=t 


with p= wn is equal to zero at other values of p. 


Expression (3.90) determines total directional chacacteristic by 


the antenaa of system. Usually it is possible to be restcicted two 


first tecas of the series 


U,==Egltgt Jy (Fa) ep iad f, (Foa) cos (1(1— a,)]\. 
(3.91) 
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So that it sould be possible to disregard the secoai tere of 
expression (3.91), it is necessary to select the nurmbec of antennas, 
so that the distance between thea will be 

d<(0,45 + 0,5) a. (3.92) 
This coadition deteraines the necessary aunber of antennas vith that 
which was assizaes end, om the contrary, causes the persissible 
sease i vith the assigned number of antennas. Then t3tal 


directional characteristic is determined by the expression 


F,(0, Baad, (HOA). (3.93) 


fn Table 3.1 are designed during fulfilling of requicenent 


(3.92) for value oo for the different nuaber of antennas n when 
= 20° 
re In them are sade angles @,, which limit the main loba of 


radiation. 
Page 148. 
B= Be, 8 
When nn that A = 2cos 3, sit -5- and y 2 #/2 + 0/2. 


In tais case the expression for total] directional characteristic 


takes the fors 


F,(0,8=Be)=Jo(F2eosfesin-5-). (3.94) 


BUT er we ae teat. ee we oo ce SR i oe OR eS Gere 
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= The amplituiss of the ainor lobes of characteristics (3.9%) have 
Felative values 9.403; 0.33 0.25; 0.21 so forth. On Pig. 3.948, are .. 
: constructed for ai exanple total directional characteristie when /\ 

: for different ratios 2b/ and the different number of antansas & 


‘a (3-12). 


Table 3.2 gives the values angles lisitiag the ainor lobes of 


. directional characteristic in plane 8—3, = 0° 4 


Ni With © = 0 wa obtain expression for total directioraal 


characteristic in the vertical plase 


F (V=0, 2)=J,| 4 6 (cos - COs fe). (3.95) 


On Fig. 3.45, is constructed for an exarple directional = 


characteristic in wertical plane for b/X\ = 0.75 and fi. =20°. 
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i 2ef 3 
a 4 
Ft 3 
A 
£.: Table 3.1. Parameters by the circular antenna of systea dapending on 
ae 
E the number of antennas no wher }. = 2 
aN ooo oe ooo a 
es ( “ucao 6 ! 8 | 32 fig [a | 24 | on 42 | 36 40 es 
vin QHTCHA & | ' : i B: 
si 2 |, | j i a an ne Ne a z 
4 — 9851.27] 1,91 ;2,5413,18 3,8 14,45] 6,1 15.75 (6,37 3 
i X c0$ fe eee ee a a 
sy me en a | mere fs Sa as aed 3 
r CB rpanus- 50,4138 125,18 $15 512.3110,519,15 Rida 

; Holl yroa | ' : | j | et ~ 
ae TAasHOro { | | | ' , 
wey nenectxa | : | : | q 
i cyMMa pHoh| : | | | | | \ q 
. xapakTe- i | : i ! 1 H : 
» pucTuKH, | | | | j | | 
p we | | fe ee 

X 

: Key: (1). Nuaber of antennas fn. (2)~ Lisiting angle of aijor lobe of 

i total characteristic, deg. 

“ a a 
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In Table 3.3 are designed the aost interestiag values of 
directional characteristic in the verticel plase ‘ha al of 
characteristic valve with 6 < 0, angles fm. corresponding to the 
veaxening of major lobe to 0.7 ané B’uxc on the boundary of sajor lobe 


(with zero valaoes of characteristic). 
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Table 3.2. 


PES, Ee 


ay 


Values of the angles, which corcespond to the maxiauas also of zero 


or 
fu 


bet 


lug/lobes of total directional characteristic by the circtular antenna 


a 


of system ia plane t=! = 


Ms actae 


' 

(2 | 
Htaumexonatcwe | 

AC HEC TRA 






wot ‘wna! ‘leg 
¢ . Me ie 
‘ 


0)? | n° 7 9° 

















{ 
t 
(1) | Paes 
Tans acue-; 1.0% * 4° 0 j 
x CTOK XapakTepu- |) 0 ; 100" | 45° 22° “159405 11°: 8°40" 
CTUKH Haitpan- : : | ‘ | 
: seine TH ; | \ 
———_—_—__ ——'!—| |-—_———_——! — -. ,-——- 
& (Sepomi Goxo-!0,403' 75720" svar [ aneaoti7ea0” 14° 
po acnectok =| 23°20", 82°20’ 34710" 25°40", 2020" Pa 
Wn Sats fotacn Se SA pone NB eater eee 
cae 41720'1 32°80" 962 Z 
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| 
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; 180° (0,16) | 90° 2 G42: 50°20" 
: 108" , 73° «87° 


( letnepriai 6a. | 0.22 ° 
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0 | | 

el at 

a GoKovoii | 0,2 | 
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’ 
acwuectToK : 0 


1 199° | Ret a999G" 


| 144° ua” | 70°30" 
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Key: (1). Designation of lobe. (2). Amplitude of lug/lobe. (3). 


Rélation b/\ cos \ (4). Major lobe of directional characteristic. 
(5). Picst minor lobe. (6). Second ainor lobe. (7). Paici minor lobe. 


(8). Pourth sinor lobe. (9). Fifth sinor lobe. 
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Fig. 3.45. Directional characteristic in vertical plane. 
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Let us detecsine the sepacation of two antennas 2),, aqeivalent 
by the circular aataona to systen in thepelition to the width of 


major lobe of total directional characteristic. 


We set/assuae B=—,=0°. Comditioms for obtaining tha boandary of 
gajor lobsa of total directional characteristic of cicculac system ani 


systea of tvo antennas will be respectively 
wand) 


4 e218 7 Y ‘ 
3S osin-} = 2,43 = basing, = a7 


We take, that sing, =4,, sin pom 4 


Them 4, 54 b=. 0,645 





i adil 
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OF 2),— 1,29), where 2b is a separation (diameter) of antennas. 


Let us find expression for differential directional 
characteristic. Voltage difference, renoved from diametrically 
opposite antennes the a-th and (mp + n/2)-1 of (3.89"), will be 

Uns =U, c. U =- 


tt 
wl ee 
2 


= 2h il, (x 6A) {cos [4 (1 -— = m— *,) 


Bees eee, 
SONAR 5 wee, ll 





~ 
=—4Eh., WS jis, (= A) x 
x 
y ‘ 


X sin [a( _ = _ F—4)| sin Wy 3): (3.96) 


ck 
: 
t in 
obs dE avat fy ebb eiadth’a cn ail 


er ee eee eee ae rer eel aio st 





ee eee 


Doc = 77223207 PAGE 44 
272 


Table 3.3. 


Characteristic values of total directional charecteristic by the 


circulac antenrze of systems in vertical plane, (0.3) when #. = 20°, 


satel i tou ead Leela be od sacle abe fa sca 2 sac cheld bil 
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Fo(0. 86) ‘0,00 0,97 | 0,92 ! 0,86 lo. 79 | 0.71 ; 
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8 wane 80° } 57° | a7? : 4° ' 38° 35° j 
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Teras (3.96) differ from zero only at the odd values of gq, since 
at the even values of g = 2p sin (2p ¥y= 0. Therefore acprassion 


(3.96) can be revcitten, set/assuaing gq = 2p - 1, in the fora 
{2K \ 
U,. a7 AE eS) r Jy WS Mais 


xin op — ty — Bm —es)— pet Fin p= ty 
=e ie} ars (> ba) x 
y 


cos [‘ 2p— Cie 78m — ay) — pa| sin | Qiy= 5 | 


noc = 77223207 PAGE AZ 
a7! 
( = ; 
or Uns = [AC yhes J) (— 1)Po Mapes (Fea) x 
pul 
xeos [(2p— (1-7 m—s) |. 
Page 153. 
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Voltage difference from all antennas U, will be (ses Fig. 3.43) 
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a after designatiag 

: x= (29-1), 

: be 

aa 

a after traasforaations we will obtain (see (1.342) [1.13 }) 
rt 

fj es 

: | y’ Qp— i (y-- a —a,\ |= 

; ; a [\ P (1 ce a.) | 

: == cus |(2p — 1) (1 --a4)] sin [(2p — 1)(7 ~a9)] X 
é 1 ® ; nl 

P X cos | (2p — 1) 7] cose [(@e—0 i= 
sin [2p — t—a+7)| cusec [ ‘22 — 1) rae 
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Tt suased up voltage U,, from all antennas, ve will obtain 


U, = /AE gigs ye L)”"Yyn es (= ba) x 


Xsin [(20 = ny ++ a a, \| cosee [ (2p =<} + |. (3.97) 


The standaciized/norealized differential characteristic has the 


expression 


F, (0, 8)= 2 QW - 1 Vanes (96.4) X 
a | “y ( P | 


Xsin [(2e 2 ditt —_ a.) | cosec [er nh “Ae (3.98) 


An exanple of differential radiation pattern is given in Pig. 


3. 96. 


The presence of ceflector is led to the peaking of directional 
characteristic. Reflector is establish/installed from antanna at a 


distance, equal approximately of 1/4 avecage wavelengths of operating 
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range. 


The pethod 2f performance calculation of the directivity of the 


group of the antennas of circular systen with reflector 13 presented 
in (3.15 }.. 


Pigures 3.47 gives for a comparison aajor lobes of total and 
diffecential directional characteristic for by the circular antenna 
of system with raflector on wave 18.8 a and cosinusoidal 


characteristic. 





wo tke eS “ 100 too 00" 


Fig. 3.46. Diffecence directional characteristic of circular systen 


of antennas. 
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Patameters by ths circular antenna by the antenna of system (Serman 
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radio direction Finder "Vullenveber" of development 1980-1945): n = 
40, w= 8 2b = 120 &, reflectoc it is establish/installed at a 
distance 12.5 m of antennass antenna vertical with a diaaster of 3.8 
a, by the height/altitude of 7.5 s, with capacitive load above; 
frequency band 6-5 MHz { 3.14]. 


3.72. Antennas with logarithsic structure. 


So that the antenna will be wide-range, i.e., it has the sot 
changing with change frequencies entry ispedance and radiation 
pattern, it aust have the smoothly and egually changing along the 
lenjth section ani the equivalent length, inversely proportional to 
frequency. This requiremsent satisfy the infinitely extsoisad antennas 
whose fora is detecained only by smoothly changing angalarc 
dimensions. The problems of developing the wide-range antanna of 
finite length is finding such structure whose fora is determined by 
angular dimensions and the behavior of final part of which at 
frequenciss highec than certain boundary approaches behavior of 


infinite structure. 


Prom the flat antennas of such property possesses thse 


logarithmic spiral (Pig. 3.98) whose equat don P= Ke%**™, where k and 
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a, constant coefficients,, @#,) it determines the beginning of spiral 


{3.17}. 


Of two-pass spiral the second ara is obtained fron the first by 
its shift/shear t> 180°. Experimentally detected that with antenna 
feed in center tha intensity of current in ares falls on 20 48 and 
sore after the passage of the turn whose perimeter is approximately 
egual to wavelenjth. Therefore a change in the wavelength is 


equivalent as if rotation of spiral. 
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Fig. 3.47. Comparison of directional characteristic of ciccular 


systea with ceflector and cosinusoidal characteristic. 
Rey: (1). Total. (2). Differential. 
Page 156. 


The boundary waves of the helical antenna are deterained by the 
length overalls and smallest turns, frequency band reschas 20-fold. 
To minimum wave basides the diameter of spiral affects tha s#ethod of 
antenna feed. Plaxe spiral can work as electrical and as sagnetic 
(slot) antenna. With the feed of slot antenna to the 81333 of slot, 
ds soldered the vwain/strand and the outec covering of cable. The 
diameter of cable, thus, lisits sininum vavelength. a1 antenna 
possesses elliptical polarization with an elliptic coeffisient of to 
221. The wvilth of the lug/lobe of radiation pattern at half pover 
varies from 40 to 50° Traveling-wave ratio with the feaiar, which 


hasp,=50oke, is sore than 0.5. 


fhe aelical antenna can have a resonator for providing the 
unidirectional reception. The diameter of resonator sust somewhat 


exceed the diaseterc of spiral, which is taken equal approximately 0.5 


Dainuce 


The helical anteraas are applied mainly at superhigh 
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frequencias. When it is reguiced to obtain in the wide section of 
ultrashort oc shoct waves the not changing veakly diractsi radiation 
pattern and good agreement with feeder, can be used antenna with 


logarithmic periodic structure (LPA) (3.4, 3. 18-3.21]. 


Diagram of LPA is shown in Pig. 3.49. Antenna consists of two 
identical parts of I and II. Part II is formed by means 2f the 
rotation of part [ through 180° around the axis, perpendicular to the 
Plane of antenna and passing through the point of the connection of 
feeder. The bent on circular arc the teeth of alternatinj/variable 
length arse the vibrators of antenna. The circular sectors from which 
are branch/shunted the vibrators, are current distributor. With the 
location 9f pacts I and II in one plane (Fig. 3.49a) tha cadiation 
pattern is obtainad bilateral and has major lobes along the axis, 


perpendicular to the plane of antenna. : 





Fig. 3.48. Logarithmic helical antenna. 
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Page 157. . 


If parts {£ and [I are establisn/installed at an angle y one to a 
another (Fig. 3.49b), then radiation pattern becones one-sided, x 
moreover its aaxisus (principal direction) it is directed along the 
bisector of angle ; to the side, opposite to the aperture of parts 


I and Il. 


The vibratocs of LPA can have also trapezoidal fora. They are 
fulfilled from continuous metallic sheet, from the wire, which edges 
the ducts of anteana, or from single wires. Figures 3.5Ja depicts LPA 
with vibrators from single wires at the angle betveen the parts of 
antenna y~0. Single-wire antenna can have also zigzaj satruct're 


(Fig. 3.50). 


The pacaseters of LPA are vr, 6, G5 Ay: 


Rs, Pue 
sa!" gS, 


Ry Ry 


FY 


where R,, 8,,....Ry > distances from in-feed to the periphary edges of 


vibrators; 


1, fy---ofn ape Aistances frow in-feed to the internal 2iges of 
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vibrators; 


Ry — ox 


- thickness of the n vibrator. 
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Pig. 3.49. Logarithmic periodic antenna: 114-9: yn0. 
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re Cr 


Calculation begins from the vibrator of maxinaua length. 
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fhe constancy of values r and « of all vibrators is caused by 


the structure of antenna. 


According t> the operating principle of LPA, it is the cosplex 


director antenna, which consists of the separate groups of the 








Agee se So a 


wibrators each of which includes active vibrator, reflector and 


director. For the correct work of the group of vibrators, the 


es A “ 


resistor/resistance of reflector must be inductive, and director - 


oan 


capacitive. This is achieved by the shortening of the length of 


director and by the elongation of the length of reflector relative to 


ag 


the length active vibrator 7,4, inclined to the adopted wave rA(ulZy = 
hp)- Then surrent in reflector anticipate/leads current in active 
vibrator, and curcent in director lags behind this current and are 
satisfied the coniitions of maxigum reception from direczzor and 


Giniaua frore ceflector. 
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Pig. 3.50. Sinjle-wire logarithsic antenna: a) with single vibrators; 
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b) zigzag. 
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Let for the adopted wave (Pig. 3.50) vibrator 4 be inclined into 


resonance. Vibrator 5 is director, vibrator 3 - by reflector. 


Because of tie passage of the currents of vibrators 3, 4 5S 
along feeder, the voltage drop in common/general/total Load trom the 
current of reflector 3 had to lag behind voltage behind the current 
of active vibrator, and voltage from director's current 5 - to 
anticipate/lead him. However, because of diagraa, obtaining vibrators 
of the phase of the currents of vibrators 3 and 5 are adiitionally 
turned to 180° relative to the current active vibrator. AS a result 
of voltage frosa tie currents of all three vibrators, approxiaately 
they coincide in phase and for principal direction are ccaated 
favorable conditions for the formation of radiation pattern. fhe 
currents of the camaining vibrators, strongly detuned in frequency by 
relatively taken, are low and do not affect the fotmation of 


radiation pattern. 


During tha alongation of wave, comes into action the group of 


vibrators 2, 3, 4% and of so forth. 


With an increase in the angle y the three-dissnsional/space 


communication/coarection between vibrators decreases, grov/rises the 
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role of current Jistributor in the establishaent of the phases of 


stresses from vibrators. Simultaneously increases reception by 
current distributor. To vibrators is realized the reception of 
horizontal elactcic field, to current distributor - vertical electric 
field. Antenna with logarithaic periodic stcucture possesses 


therefore circular or elliptical polarization. 


If parts I and of II antenna to connect is antiphase, then it is 
possible to obtain two-lobe cadiation pattern with zero in the 


direction of the bisector of angle , between parts. 


At each freyuency current distributor is loaded by the 
resistor/cesistances of those vifrators which are tunaj t5 
frequencies, closast to that which is taken. The reactance of 
vibrators has different sign and approximately they ace compensated 
for. Thera renain3 only effective resistance, and, thus, san be 


reached good ajreauent vith feeder over a wide range of frequencies, 


Praguency bali LPA is detercined by following considerations. 
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Investigations showed that the vibrator on which is placei aore than 


2-2.5 waves, Sigaificantly makes diagrae vorse directivity. must be 


fulfilled condltion ‘vanc<(2+2,5)4,,,, Consequently, relation s*- 


Anan 
the group of vibrators lie/rests withia the limits of 8-10 tines. 


Nour 


The aethods of perforaance calculation of the diracstivity of LPA 
are presented in (3.4, 3.18). 


In LPA ona saduld have following relationship/ratios between r 


and ys 


t==0,83; 0,8; 0,73; 0,65; 
a} = 10; 14; 19, 24, 30; 37, 45. 
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(2). 
(3). Ratio of the factors of amplification 
of LPA ani half-vave dipole, dB. 
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Table 3.5. Entry impedances of LPA. 


ts : 
j Hosvonee cu- | Mainwaa 
- bHoe 
vj BROTSS ICN RE snasenne KGB 


1 
_— 


60} 129 


- 0,7 
45 | 110 0,69 
30°, 105 i 0,67 
7 | 65 (| 0,55 


Key: (1). Wave impedance, oha. (2). Ninimum value of KBY. 
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Being assigned r, a, and by the frequency band of the antenna, 


it is possible to dotergine its size/disensions. 


Table 3.4 and 3.5 give some characteristics and aatcy impedance 


of LPA [ 3.18 Je 


Use of LPA is possible in radio direction finders with the 


agplituije and phagze-difference methods of the reading of bearing. 


30 13. Antennae of the systen of radio direction finders at superhigh 
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frequencies. 


In the ranga of superhigh frequencies from 30 to 300-400 aHz in 
essence, are accapted the same antenna systeas that and at high 
frequencies (to 30 MHz). Selection by tha antenna of systsa to a 
considerable degcee is determined by the permissible overall sizes of 
systea and by the method of the reading of bearing. In aaplitude 
tadio diraction finders as by the rotatory antenna of system are 
utilized the cotatable loop, the diverse framework, the pair of 
separated antiphase dipoles, connected by} -figurative diagraa, or n 
of the spased broadside antenna atrays, arrange/located in one plane 
or of circuaferenzte and which create acute/sharp radiation pattern. 
Rotatable loop is asserbled vertically for direction finiing on the 
vertically polarized component of electric field or horizontally for 
direction finiing on horizontal electric field. In the latter case is 
utilized the doubled framework (see Pig. 3.22). In the coastruction 
of the pair of the diverse dipoles at frequencies, large 50 MHz, 
frequently is provided for the possibility of the simple 
Ceorientation of Jirection of antennas froa vertical (Pijy. 3.51a) to 


horizontal (Fig. 3.51%b) and vice versa. 


The commpunisation/connection of dipole in a paic with input 


circuit sosetises makes variable within small limits. By the 
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selection of comaunication/connection at the torgue/moment of the 
reading of rearing they attain obtaining the acute/shacp »f zero 
audibility. For the nondirectional (attendant) reception 1nd 


deteraining tha single-valued bearing, is applied suppleaentary 


central antenna. 


Sometines foc determining single-valued bearing, do not provide 
for supplamentary antenna, but is introduced iabalance into circuit 
of one of the dipoles; the nondirectional reception obtaias by aseans 


of disconnection/sutoff from diagram of one of the tvo dipoles. 
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Por the aliaination of the manifestation of resonances in the 
Supporting suppoct into it throw in insulator and both pasts of the 


support connect tarough resistor/resistance. 


If this is caquired for the selected direction-finding sethod, 
is realizad the high-spin motion of the pair of antennas by motor, 
moreover instead of the brushes is applied the special transforrser 


between the antenna and input circuit of receiver. 
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Fig. 3.51. UVK of H-figurative antenna with changing polarization, 
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One Winding of tcansformer, connected to antenna, during cotation by 
the antenna of system rotates within another, motionless, conaected 
with the input of receiver so that the cosaunication/cononection 
between the antenna and the receiver does not change ducing rotation. 
Pair or n Cophasai-connected antenmas can be utilizei with reflector, 


then immediately is counted off single-valued bearing. 


Por providing the possibility of direction finding on vertical 
or on horizontal component of electric field are structucally united 
those who are conaected by switch the pair of antiphase vertical wire 
antennas and the horizontal dipole whose direction is parpendicular 
to the plane of the pair of antennas. Horizontal dipole can be 
applied even one, if direction finding is realized on tha horizontal 


cosaponent of electric field. 


Is kaown application/use in the range of frequencies 200-400 MHz 
of vertical dipola with rotatable around dipvle senicylindrical 
reflector and the ceading of bearing according to tha principle of 
the coaparison of the phase of the voltage of the frequency of 


rotation (sodulation) fros the oriented radio station with the phase 
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of reference voltage. Is utilized also the rotatable V-antenna with 
reflector whisa jaring rotation through 90° is suitable for the 
direction finding of the vertical and horizontally polarized electric 
field. Sometigzes two separate angle irons, turned n 99°, are 
establish/installed from two sides of reflector and are changed over 
by s¥itch of receiver. of siaultanecusly during switching the 


indicator of bearing is displaced by 180°. 


Are applied jgoniometric systems with wotionless antannas (from 4 
to 8) for the dircactional reception and with central antenna for the 
nondirectional reception, moreover joniomseters are sanufastured 


inductive or capacitive (see §4.7). 


For obtaining acute/sharp directional characteristic besides the 
revolving series n cophasal-connected vibrators, are utilized 
circular anteona systems with reflector and antenna coagnutator. The 
diameter of the acrangement/permutation of antennas reasa2as (8-10)A, 
the number of dJipsles in systerm - to 100 [8.25]. The dipoles of 
system can be establish/installed at an angle of 45° to vertical 
line, then is provided direction finding during any polarization of 


field. 
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Direction Finding is realized on of the traced on the screen 
cathode-ray tube to the radiation pattern, which is obtaiaed by 
rotation by the sotoc of antenna commutator. In by the circular 
aatenna to systea the bearing can be counted off also according to 
the methoi of the cyclic measuresent of phase in high frequency (see 
68.8). The inoperative antennas are closed to the eatth. Such systeas 
ave applied in ground-based and ship radio direction finiars. Since 
on ultra short waves the fundamental source of errors consists in the 
effects of the fielc: of reemitters, increase in the separation is 
the effective means of an isprovesaent in the accuracy 2f Jirection 


finding. 


In order to Lnctease range and to improve the coniitions of 
direction finiing (to decrease the errors due to the effect of the 
near environment), antenna system they raise above the eacth's 


surface and usually they assenuble above the metallic counterveight. 


Por the facilitation of coupling by tne antenna of system with 
their receiver place together on high mast or near ant2nna they are 
establish/installad high-frequency ducts and frequency converter, 
also, on €eeders to the receivec, placed below, transait the voltages 
of underfrequency. One should consider the possibility 9£f the 


disturbanze in this case of the relationship/ratio of vertical and 3 


horizontal fields at close distances from transgjitter (sue §6. 3). 
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As syemetrical vibrators in by an antenna to syst3a for 
providing the wide frequency band are utilized cylinircisal, conical, 
E> basket type or other wide-range dipoles. Are applied also 
3 loop-anteanas. Fraquency band, overlapped by one assenably of dipoles, 


2a from 2-3 to 4-5 and more. 


» . If it is regaired to overlap wider frequency band, sometimes are 


applied several interchangeable assemblies of dipoles. 


: | In the range of frequencies, greater than 300-400 MHz, in radio 
direction finders are utilized the horn, parabolic, dialsstris, 
slotted, spiral and other directional antennas of this frsqueacy 
band. The descriptions of antennas, theic characteristics and 
calculation methods are given in the courses of antennas °8.13, 3.6, 


3.5). 


Page 165. 


3.14. The multiple operation of the receivers of radio direction 


finder from oino! by the antenna of systes. 
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In certain csses it is necessary that two or several raceivers 
of radio lirection finder work in parallel from by the : 
comsron/general/stotal antenna of system. A parallel connection of j 
receivers can be cealized through decoupling resistors which decrease 
the mutual shunting of receivers and remove the possibility of the 
penetration of tha voltage of the heterodyne of any cacaiver on the 


inputs of other caceivers, 


Figures 3.52 gives the equivalent diagraa of pacallel connection 


a of the ceceivers through the untying ohaic resistances *;. 


In figure it is marked: 


E,- the voltage of antenna on the frequency of tuning of one 


of the receivers; 
R,—i anteaaa resistance; 


Ray Rays-+s Ro = entcy impedances of receivers; 


Tp - the tfaasforser of the agreement of loads. 
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We assume that the first receiver is tuned to a frequency of 
stress £, and it3 resistor/resistance F,,=,,. where Riu is entry 


impedance of receiver during tuning. Remaining receivers ate inclined 


for other frequencias and their entry ispedances for 1 voltage q 
frequency /. we take equal to zero: Pe 
Ry = Rin =- +: = Rana: 


Then sost powerful manifests itself by-passing of cemaining 


receivers. 7 





Fig. 3.52. Parall2l connection = of receivers into antenna. 
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Tapedance #, on secondary winding of transformer under these 
conditions 


— Re iRrt Revd (3.99) 
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Knowing R. and Ra it is possible to calculate the reyuiced 


transforaation catio of tae patching transfocaer 
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The soafficiant of transaissioa of direction £. to the input of 
the receiver, tuned to a frequency £,, in the presence 3f aatching 


transforser is equal to 


1 - RoRiy t 
dae V TRO FR SH Ray 108) 


On the basis of equivalent diegrae (Pig. 3.52) tha attenuation 
factor of stress >f tha heterodyne U,, which penetrates on the input 


of receiver, tunei to a frequency of hetarodyne, is exprassed 


ee (3.102) 


ke Re 
In Table 3.5 are designed the values yo and Yr for 
Re 


differeat celatioas $n and the different number of receivers. Being 


assignet ‘ it is possible frore table to find R,, %: and n. 


Wpon the pacallel connection of the receivers through decoupling 
resistors is obtained the loss of stress (3.101). The easiest method 
of the realizatioa of the decoupling of receivers without the loss of 
stress is the svitching on of the receivars through tha separate 
cathode followers, which are simultaneously the cell/elanants of the 
decoupling hetweaa receivers. To the grids of cathode followers, is 


connected the antenna, into the cathode of each through the feeder, 





is included the receiver. 
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Page 167. 


ReSistor/resistaace in cathode is selected such so that the 
feeder would be Loaded for wave iapedance. By a deficiency/lack in 
the diagraa with cathode followers it is characteristis it aonlinear 
distortions with powerful signals, and also deterioration ta the 


receiver sensitivity due to noise lasp resistance. 


For the compensation for the losses of stress between the 


antenna and the caceiver, are applied broadband antenna aaplifiers. 


During tha asplication/nse of an amplifier, just as during the 
application/use of cathode followers, appear nonlineac iistortions at 
their input. Two Voltages with frequencies f, and f, create the 
voltage of coabination frequency pf\+ qf: It is necessary s0 to 
calcalate diagraa so that the nonlinear ijistortions Lia/rast within 


the persissible lisits. 


Por tha pacallel connection of the receivers of cadio direction 
finder, can be required application/use two- or of thrae-shannel 


amplifiers. In this case it is necessary to take measaces for the 


achievement of the identity of channels. 


Te 
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Page 168. 
Chapter 4. 
INSTRUSENT EBBRORS, § 
4,1. Instrument errors of radio direction finder. 3 


As it wag shown in chapter 2, instrament errors ace Caused by 
deficiency/lacks in the radio direction finder as measucing ameter. 
The tool houses ioclude the errors, characteristic to the operating 
principle of the selected system, and also production and 


asseabling-adjusting. 


Production errors are deterained by deficiency/lacsks in the : 
structural /desiga and electrical calculations (by incorrect selection 
of size/disensions by the antenna of systea, by incorrect calculation 
of the inductance of the coile of goniometer and so forth), and also 
by inaccuracies in the production of the separate cell/elesents of 
radio direction finder and radio direction finder as a wh2le. 


assesbling-adjusting errors are caused by the misadjustaent of radio 


direction finier. 
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Inaccuracies in production and sounting of radio lircaction 
finder scaetises tre led to the appearance of the so-callad antenna 


effects which also are related to instrugent/tool deficiency/lacks in 
the radio direction finder. 


Ace examined below the instrument errors, charactaristic to 


antenna feeder systess. The instrument errors, caused by receiving 


indicators, ate described in chapter 8. 


Page 168. 


4.2. Antenna effect within rotatable loop. 


The ancoming electromagnetic wave creates on the frasework 
certain potential with respect to the earth/ground, becsase of which 
appear the bias cacrents to the earth. If, furthermore, the framewor'. 
through the connected to it receiver is connected with the 
earth/jrcound by conductors, then also in these latter appear emf and 


curccents. The strength of these currents doses not depeni on the 


direction of the incoming electromagnetic waves. 
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Thus, One should distinguish two xinds of the currents, which 


take place throuja the turns of the framework: the push-pull current, 


er een 


depending on the Jirection of the incident wave, and the single-cycle 
current, which appears between the framework and the eacth/ground ani 


not depending 2n direction of the incident wave. In tha Latter case 


See OTe haere 


the frasevork operates, as the usual antenna, and this phenosenon 


obtained the designation of the antenna effect of the Frasework. 


Let the framavork be tuned by condenser/capacitor C and to it is 
connected tube (Fig. 4.1), the end/leads of frasework a and b having 
with cespect to the earth/ground capacitance C, and Cp. Because of 


operating in sides CD and ef eaf £, and £, appear the csuctents: 


a) curreat I[g, which appears around the fragework whose value 
depends on differance 2, and E, and, therefore, on the anzgle between 
the plane of propagation and the plane of the framework; this be a 
fundamental frame cucrent; it creates on condenser/capacitor C the 


potential diffecsaice, which affects the grid of the first tube of 
aaplifier; 


b) currents t, and I,, which flow from the frasewock to the 
earth through tie distributed capacitances of framework C*, C**, cree 


and of so forth, then through capacitance C, and Cg, which are closed 


again to the frasevork. Each of these currents is determined only by 
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one of the elactcovotive forces B, and B, respectively. 





Fig. &.1. Oasat »9f antenna effects. 
Page 170. 


Because cf this carrents I, and I, do not depead on the jirection of 
the incidant wave. Their radiation pattern is circumference of a 
sisilar to the diagram open antenna. These create at points a and b 
potentials earth referenced: 
h fc: BW 
Ue =a and Uy= Tet; 
The ceceivec affects a potential difference of points a and b. 


This potential difference: 
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it is turned into zero, if Cy, = Cy and I, = Ig. Satisfaction of the 
second condition is possible only in such a case, when the franevork 
is completely syasetrical, i.e., if capacitance ralativa to the 
earth/ground of any point c, afrange/located to the left of the axis 
of syanetry, is equal to the capacitance of symmetrical by it point 
f. Hence it follows that the antenna effact does not appaar in radio 
direction finder, even if the framework, and the diagraa, connected 


to its ena/leads, are coapletely symaetrical. 


The heterogeaeity of the capacitanca of the frargework can be 
caused by its asyarmetric location of the relatively sucrounding 
object/subjects. So, for providiag a gooi work of tha zoatemporary 
ship radio direction finder, which includes skip band, its frase 
device is asseabled on the top of mast. fhe currents, induced in mast 
and within the frasevork, with the reception of cadio station 
strongly are distinguished. The calculation, given in ‘10.3], shows 
that with the mast with a height/altitude of 16 a and the single-turcn 
framevork by che area of 0.5 a# the current in the foundation of mast 
to 2-3 orders exceeds the current of the directional cacaption within 
the framework. Ducing the insignificant displacement of the axis of 


the framework with respect to the axis of mast due to tag 
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manifestation of the dissimilarity of the capacitance of the sides of 
the frasevork celative to mast and the surrounding metallic " 
ob ject /subjectsa iato the franework is induced large supplesentary 


nondirectional eaf (antenna effect). 


Antenna effect in the framsevork appectrs also, if, foc exaaple, 
the framework is arrange/located too closely to the wall of building 


or metallic part 2f£ the ship (aircraft) (Fig. 4.2). 


Page 171. 


Let us exasiae the reasons for asymmetry, connast32i] with the 
circuit diagras 2f the framevory. From the siaplest circuit diagras 
of the fcamevork (Pig. 4.3) it is evident that one eni/lead of the 
framework is connected to the grid of the tube, which has negligible 
capacitance with respect to the earth/ground, another 3nd/lead is 
connected to the cathode of tube, which has very consiiarable 
capacitance earth referenced. Very frequently the cathode of tube 


directly is grounied, and then asymactry will be expr3ssai still sore 


poverful. 


If symmetry conditions are not observed and is observed antenna 


effect, then the resulting radiation pattern is distortai, he differs 


from the studied in us ideal diagrar. To the grid of tube, will be 
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be 
E. 
fi. 
ee, 


a 


BK 
eid faking into account the aforesaid, ve can use conclusions 43. 8, 
es since the voltagas, which are received because of the antenna effect 
ry of the framevork, are completely analogous to the voltay2 of the open 
- antenna with the sombined reception on the antenna and tha framework. 
ae 


x 


supplied two voltages: depending on the direction of insilent wave 


and not dapending on this direction. 


Under normal conditions the grid voltage of tube, whicts i3 received 


i 


due to antenna effect, is lower than the voltage from the framework. 


It is analogous with that, as we enter §3.8 examining tha action of 


‘ the open antenna, it is possible the voltage of antenna affect to 


decompose on two those vho compose: one in phase, andthac - out of 
ee phase in r/2 ralative to the voltage, which is the resalt of the 


action of the pute/clean frasevork. 


; | 
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= Cena 
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Fig #2 + 3 
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Pig. %.1. Asymmetry of framevork of relatively surrounding 
object /sabjects. 


e 


Key: (1). Walk. (2). Barth. 
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i: Fig. 43. asynnetcic diagram of frasevork. 
Page 172. 
There shown, that: 


- phase cogponent/tera Causes the displacesent of the sininues; 
the miniauas of caception, distant one from another into the ideal 
diagram of reception accurately to 180°, into this case tae7z7 are 


mutually located on smaller angle; 


- noaphasge component it causes diffuseness, the vaguaness of the 
pininuas of intensity of ceception. If with the ideal diagraa of 
reception in the position of the framework, perpendiculac to the 
diraction of propagation of wave, completely there is no ceception, 
then Under nonphase antenna effect is obtained only the sininsum of 


reception, by those more diffuse, than is more antenna effect. 


Figuces 4.4 depicts the diagrams of ceception with the existence 
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fa of antenna effect in phase with frame. The directions, by which the j 
nae intensity of reception is equal to zero, differ by anzgla +A from the F 
; directions of zerds reception for a purely frame diagcaa. Counting off : 
' bearing with the aid of the direction finder, which possesses this ; 
+! diagram of reception, ve complete the error, equal to tA or A 
depending on that, on which of two aininuas is counted fF the 3 
7 bearing. This error cannot be taken into account by calibration, ; 
: 2 since it depends on the wavelength and direction of insoning : 
alectrompagnetic Field. Its effect can be excluded, if re orient first 3 
‘ on one ainiaua, and then, after turning the framework to angle of 180 : 
. + 24, on another. Calling the first bearing q,, and the sacond q,, ve 1 


will obtain the tcue bearing froe the foraula 


atlas — i80°) 
a 2 


oe dade ee 


Into normally working direction finder the displasement of the 
minigauas, oc as it is accepted to call this phenomenon, the fracture 
of the axis of the miniauags, aust no or be very small (for exaaple, 


the fracture of the axis of the minimuaS 24 < 19-1,59°), 


4 
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Fige 4.4. Radiation pattern under antenna effect in phase with frase. 


Page 173. 


Pigures %.5 depicts radiation pattern in the presence of 
nonphase anteana effect, and also vector diagram of adiition ef. 
Fere the ainiauas retain their direction, but instead of the conplete 
zero receptions, are obtained the diffusa, little deteraiiaci 
ainiguas. This dif€fuseness is led to the appearance of ssbjective 


errors of reading. 


Actually, the total voltage will be ia this case syually 


U=YU' sin G+?) 
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ba 3/0 

ie where U,- ig voltage across capacitor from frane eaf; 

». 

y ‘ j tae 
i Uy, + voltage from antenna affect; 3 
‘) 

my ® is an angls of rotation of the framework from ta2 lirection of 

:. zero reception. 

r ; 3 

: In the position of the ainiaua, the voltage is turcn21 in 


Oana = Us. 


‘ Let us assuaa that this stcess higher than equivalent disturbing 
voitage and noises determines the angle of the equal t> audibility. 
An increment in tae audibility during the rotation of tha framework 


from 9 = 0 through srall angle A@ will be 


i sin? 69 4 Ue ; ue. | 
SbL=20]g pa = 101g | -+ eas 





With s@all 49, applying the formula of approximation calculus, 


we obtain ; 
: 2 
AL = 4,24 22 cage 
uw 


and 


zr Us 
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Pig. 4.5. Radiation pattern under nonphase antenna effact; vector 


diagram of addition enf. 
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For exaaple, limiting angle by equal to audibility 246 value 3° 
~ 0.05 rad and considering 41 = 1 dB, ve obtain the fallowing 


‘ va or Tt 
Hs Loburgealene tag 
mt OTE Cee TPAD Aas 


condition, which Lieaits the valne of the antenna effect: 


“ar ger i 
+ é 3 


U, 0,05 
ee 
Uy, ™ 


0,4KV 1 


emenr nom oes 


L Rence it is apparent that even the relatively low value of 
antenna effect produces an essential increase in the subjective 

- error. Thus, for obtaining precision work of direction fiader must no 

the extra-phase component of antenna effect. G it aust be noted 

that usually the phase of emf of the antenna effect when the 

size/disensions of the framework are such less than the wavelength, 

differs from the frase by the angle, close to w/2, since the systen 


of tha framework, considered as open antenna, is not adjusted. 


4.3. Elimination of antenna effect vithin rotatable Loop. 
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Since the reasons for antenna effect is the asyanetry of the 
frasework or connected to it receiver, and also reception by an 
entire system of the frarmevork as by open antenna, the seasures of 
the elimination of antenna effect are reduced to obtaining of the 
completely balanced network of the svitching on of the franework and 


to the exception/elimination of reception by the framework as open 


antenna. 


Let us exasilae the diagrams, which ensure the sysrgetry of the 
svitching on of the framework. Protozoan of these diagrcass - the 
grounding of aidpoint is depicted on Pig. 4.6. Grounding of sidpoint 
will entail the need for the connection of roceiver to tha half of 
the framevork: ons end/lead of framework a is connected to grid, 
another b remains free. The cathode of tube is connected with 
midpoint of framework Oj Because of very sreall grid capacitance earth 
referenced the difference in the capacitance of end/leads a and b is 


so small that the antenna effect appears to very weak iejree. 
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Fig. 4.6. Balancai network of connection of receiver to franevork. 


Page 175, 


Purtheraore, iadused in ground vice eaf are directed opposite to eaf, 


induced in lead wires, which also leads to a decreasa in the antenna 
effect. 


‘ 


Second wethoi - switching on at the input of two tubes according 
to push-pull circuit (Fig. 4.7). Here both end/leads of the frarevork 


are connested to the grids of two tubes, which sust ensure the 
sysmetry of diagraan. 


Pinelly, syasetcy can be restore/reljuced dy the cranection of 
the special balancing condenser/capacitor to the end/leads of the 


framework, which have different capacitance earth referansed. But if, 


as so often in the case, the cathode of the tube direstly is 





< 
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grounded, then this method Cannot be applied, since the sacona 
end/lead of the framework we ground cannot. Therefore the method in 
question they always combine with diagram, it is depictei on Pig. 
4.6. 


In practical fulfillaent the diagram takes the fors, shown in 
Pig. 4.8. For Lacger convenience is here used the diffaraatial 
capacitor, which aakes it possible to increase capacitance earth 
referenced any end/lead of the framework. A deficiency/lask in this 
method is the effect of the compensating capacitance on the tuning of 


the franework. 


Deccease ia the asyaretry of diagram and value of antenna effect 
gives to known degree of application of the diagram of the inductive 


coupling of the frcasework (Pig. 4.9). Results are obtainad still 


better, if midpoint of coupling coil L, is grounded. 
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be F447. Fig 4.5. 
nO Pig. 4.7. Push-pull circuit of switching on of frasevwork. EB: . 
i" 

é 

Pig. 4.6. Diagcaa of compensation for antenna effect. 


Pig. 4.9. Inductive circuit diagram of framework. 


Page 176. 


It is possible to obtain a further decrease in tha antenna 
effect, if we include/connect the tuned circuit symmetrically, for 
exagple, after connecting tube to the half of coil Ls (as in Pig. 
8.6). 


With the powerful coasunication/connection between coils Ly, and 


L, because of an increase also the capacitance of one coil relative 


to another appeac the bias currents from L, and Lg. [f tha switching 





: 
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on of coil Lz, not is completely symmetrical, then the distribution of 
these ticks along coil will be nonuniforea. Thus, for instance, in 
Pig. %.9 bias curcent of the end/lead of coil a will be more than in 
the end/lead of coil bh, since the first path represents saaller 
resistor/resistance to the earth/ground. the inequality of these 


curreats produces equalizing currents of antenna effect in L,. 


The effect of bias currents can be considerably 
attenuate/veakenel by the application/usa of the elestrcostatic shield 
between coils Ly and Lg. The electrostatic shield is the setallic 
separator, connected with the earth/ground. It is better, if it is 
comprised frosmg separate conductors. Blectrical lines of force cannot 
intergect the conductor of screen and therefore they 19 adt pass fror 
one coil to anothar. Magnetic induction cemains almost without 
change, since screen aust be extended ani be arrange/locsated so that 


in it ald not acise the circular demagnitizing currents, 


Were proposei the special diagrass of the inductive connection, 
reducing the effect of the asyametry of input circuit of cadio 


direction finier on the franevork. 


Figuces 4.10 shows diagram with the transfarser, proposed by V. 
De Kuznetsov. Secondary winding of transforser, connestei in the 


symmetrical frcamsawork, consists of two halves Ls’ and L3", wound 





t 

1: 
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tightly one to another and to prisary winding L,. The coassaon point of 
| halves 0 i8 grouaied. 

i ! 

1 Because of tais winding/coil the mutual inductansa of the aalf 
of secondary winiing oN, is apptoxieately equal to their inductance, 
} dees. 

a 
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:€ Fig. %.10. Circuit of Ve D. Kuznetsov's transformer. 4 
: Key: (1). To receiver. (2). To antenna. 
i; 
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Page 177. 


Let the capacitance earth referenced any point of primary 
winding (with ansyametrical loading) cause in one of the balves of 
secondary windinj current I, the voltage drop earth referenceg B', = 
jul,'f,. Because »f the mutual indactance of the halves of secondary 
winding in the second half, will appear the voltage earth refarenced 
EX" , = juMaI,, in value equal to £*, and on phase differiag by 180°. 
Both voltages £',and E" , average out ani will not cause ssSyametry io 
diagraa. Therefoce antenna effect does not appear. By tha selection 


of cell/elements and by the selection of diagrag it is possible to 
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attain the work of transformcr in broadband [3.4]. 


Figuces %.11 shows diagram with the transforser, pcoposed by A. 
A. Pistol*kors. Ginding of the transforaer, connected in the 
directional anteana, is wound in the fora of two halvas L', and L" 3 
betveen which is Located the winding of input circuit. fhe latter 
consists of two identical coils Ly, and Le, wound towacds and 
connected in parallel. The comaon points of vindings L, 12d Lz are 
connected: point 0 - with the grid of the first tube of receiver, 


point Of - with tae earth/ground. 


AS a result of this vwinding/coil of transforaer calling 
asyanetry single-sycle coil current, connected to receiver, does not 
manifest itself tse coil current, connected to the directional 
antenna. 
We will exasine the circuits of the elimination dF single-cycle 
current in loop antenna. asymmetry of receiver circuit produces the 
appearance of a single-cycle current and antenna effect in any 
symmetrical directed antenna. is removed single-cycle current by the 


selection of the circuit diagram of the syargetrical antenna, 


analogous examined for a rotatable loop. 


The exceptisn/elimination of reception by the frasework as open 


antenna due to ths asymeetry of diagras of input can be obtained by 


the appropriate screening of the framework. 
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Pig. 4.11, Circuit of A. A. Pistol*kors's transforeer. 


Key: (1). Directional antenna. (2). To the grid of the ficst tube of 


receiver. 


Page 178. 


The diagram of this screening is shown in Pig. 4.12: the screen 
between points A and B is torn and in it does not appear cing 


currents on the duct of the framework. 


Siace the caception is realized because of the voltajyes, induced 


with field in scraen, asymaetry of diagram cannot be the reason for 


antenna ef fects. 
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Tt is necessary, hovever, to keep in mind that the asynaetry of 


the screen of the relatively surrounding object/subjects produces the 


CI AES RE ET 


dissyasetry of cucrents in it, which leads to the appearance of an 


; antenna effect within the framework. Of the synagettical doubled : 
ei frasevork, examinsd into § 3.7, emf, which appear in it ilue to ; 
& capacitiva coupliag earth referenced of the right or left side of the 

Loa framework, are compensated for and therefore the dissiailarity of the 

' capacitance of tha sides of the relatively surrounding asetallic 

5 ob ject/subjects does not manifest itself (see Pig. 3.22). 

7 


The methods of syasetrization during the use of coaxial cable 


for the connection of symmetrical antenna are described in § 4.12. 


4.4. Instcument ecrors of systen with rotatable loop. 


Sost idle tise in the relation to diagram and construction is 
the systes of the revolving framework. It is natural that in this 


system the nusber of sources of the instrument errors is smallest. 


Latecal effact of the framework. In the case of the 


three-disensional/space framework, the wire of the frasework during 


the series circuit of its turns forms one supplementary turn, 
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perpendicular to the fundamental turns of the frarnework. The presence 


of this turn produces the error in the dsteraination of bearing whose 


walue was determined (to 3.24): 
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Pig. &.12. Screening of the frasevork. 


Key: (3). Winding/coil frasevork. (2). Screen of the fFraaawork. (3). 


Screen of receiver. . 


Page 179. 


This ercorc has the constant value, which does not i3pend on 
wavelength. Tharafore it easily can be taken into account during the 
calibration of dicection finder. Por a decrease in the lateral effect 
of the framework, it is possible to fulfill the winding 9o€ the 
framework so that its each turn lie/rests strictly at »n2 plane, and 


the connections batween turns represent sections of wires, 


perpendicular to the plane of turn. 
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Effect of bias currents. In the case of the 
three-dimsangional/space framework, is observed also the appsarance of 
the diffuse minisums, even if there is no antenna effect. is 
explained this phenoaenon to the facts that when the 
threa-dinansional/space framework is located in the position, which 
corresponis to ths ainiaua of reception, its separate tucns are found 
under different potentials. Because of this between sapacate turns, 
appear the bias surrents through the capacitance of one turn with 
respect to another. Value of these currents is change4 according to 
cosinusoidal law during the rotation of the frasework. Since for 
these currents ciccuit is detuned, they are out of phase in w/2 
relative to the fundamental current of the framework 101, therefore, 
is produced the iiffuseness of the siniaum, vithout displacing it. In 
this respect they are similar to the nonphase componant 39€ antenna 
effect. Blas currents differ from nonphase antenna effect in the 
facts that the phase of bias currents is changed by ravecsze/inverse 
during the rotation of the framework through 180°, while value and 
the phase oc anteina effect do not depend on the rotation of the 


framevurk. 


Figuce 4.13 jepicts radiation pattern and vector iiagras of its 
construction upon consideration of bias currents. Two Large contacted 


circuafecences A cepresent the diagram of the reception of the ideal 


framework. 
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Fig. 4.13. Radiation pattern when pias currents are present,. Vector 


diagraa of addition eaf. 


Page 180. 


The effact of bias currents is characterized by two contacted 
circuaferences B less in value and shifted to 90° relative to the 
diagram ifeal framework. Diagcas D gives resulting heart-she ped 
diagraa. The effact of bias currents just as latetal effect, is 


absent at the flat/plane frasevwork. 


Direct reception. Reception for the input/introjJustions of the 
framework, coil and wire receiver creates supplementary saf whose 
interaction with the fundamental of emf of the framework produces 


either error or tse diffuse minimums depending on the phase of these 
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suppleaentary oaf. If supplesentacy eaf ace induced in the stationary 
parts of direction finder, then their effect coapletely is analogous 
with the antenna affect: phase coaponents will produce che 
displacesent of the siniauas (i.e. the errorvhose sigan is changed 
during the rotation of the frargework through 160°), and nonphase - 
diffuseness of tha aininuas, the degree of diffuseness not depending 
on the angle of cotation of the framework. But if supplosentary eaf 
are induced ia the parts, vhich rotate together with the frasevork 
(foc example, in its input/introductions), then phasa soaponents will 
produce the erroc whose sign is not changed during the cotation of 
framework through 180° a nonphase - the iiffuseness of the mininun, 


analogous to the affect of bias currents. 


For the eliaination of direct reception, it is necessary to 
ensure the careful screening of an entire direction-finaiing 
inatallation (input/introductions of the framework and reseiver). The 
effective screening of input/introductions considerably is 


facilitated, if the framework is also shielded. 
In supply leads, also they can be induced by emf of lirect 
reception. So that these eaf do not affect the circuit 35f receiver, 


it is necessary > use decoupling filters in feed circuits. 


Reraiiation »f ceceiver. Circuital currents of ceseiver can giva 





iris its ak ae 


ee tale Dye Shed ante ae eet led ial ibid ek le, iki Rat Wa 0 


wade atime ol 


ka th tk 


ame tH 


te a ale ae 


carer eee vir Coe Oa 


be, suatine MAME A Lanse. 


c 
r 
i. 
. 














Doc = 77223209 PAGE @k >Zrk 


reradiation. Secondary field affects the framework and is the source 
of the errors or jiffuse sininunas depending on the relationship/ratio 


of its phase with the phase of ground field. 


Special danger represent the last/latter cascade/stizes of 
amplification in fundamental frequency, since in theic ducts 
circulate the considerably asplified currents, capable of creating 
the safficsiently intense fields of reradiation. For the 
exception/elimination of this source of srrors here, as i3 the case 
of direct reception, is necessary the very careful screening of 


receiver. 
Page 181. 

Slope /inclination of the axis of the framevork. fhe 
slope/inclination of the axis of the frasework creates the error 
whose maxiauam value can be determined by the foraula 


Key: (1). deg. 


where 7 is angle of the slope of the axis of the framework, deg. 


In ground-based installations this error can be aade 
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sufficiently spall. It is a different matter aboard the ship or 
aircraft with bank; for example, with bank into 30° ercor will be 


approximately 4°, 


Ecceatricity of the scale. Eccentricity of the scale relative to 


the rotational axis of the framework produces the error 
A=(=Lcos 6+ “1 sin0) 57,3 OF 
=(4 + 7 sin 0) 57, 2paod, 


Key: (1). deg. 


where «, fs eccentricity in direction 0-1809; +, assantricity in 


direction 90-270°; p is a radius of the scale. 

Incorrect enjraving of the scale, nonunifors divisions, etc,. 

Inaccurate zero-setting scales. 

Bftfect of tha nonparallelise of the framework in the systenm of 
the diverse frasevork. Besides errors which are inherent cotatable 
loop, in the systems diverse franevork can manifest itself their 


nonparallelisa. 


The sases of the nonparallelian of the framework in the systen 


of the diverse framework are depicted on Pig. 4.14. 
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Pig. %.14. Not in parallel diverse framevork. 
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Dad - 


Here 40, ani of A@, - the angles of deflection of the planes of 


the framework froe theic regular arrangesent. 


In the expressions for caf, induced within the separate 

big franevork, instead of the angles @ will enter the angles 6 + A@, and q 
6 ¢ bOge Since cos (6 + A@) x cos 6 - AO sin @ and sin(® + 460) m= sin : 
@ ¢ 60 Sos 6, to gach of the diverse framework seesingly had had F 
added the supplemantary, perpendicular to it framework with the 7 
relative effective height of 40, radian and 4@, radian. Fo the 
radiation pattern of basic systes, vill be applied the cailation 

3 pattern of the diverse framevork, perpendicular to funiasantal, earf 


of the supplesentary framework can store/add up not differentially, 


| 
| 
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“BN 
but accoriingly. Then the action of the supplement.: frasework stops 
of equivalently t> the action siaple rotatable loop. furthermore, if 
AQ, f A@,, then will appear the antenna effect, propoctional to 


the angle of the oonparallelisa of the framework (46,-A09). 


Por the limitation of the indicated ill effects (saxinus error 


30°) the jiverse framework must be parallel with accuracy 10%-15', 


45. 


Antenna effect in a goniometric systea. 


As within the simple revolving framework, in goniraetric systes 


can be observai phase, so also nonphase antenna effect. 


Let us examine simplest systesa of tvo mutually pecpendicular 


framework (or two pairs of the spaced antennas). 


Let us designate: a,, a, are ratio of the amplitaiss of eaf of 
the phase antenna effects of the framewock of goniometric syste to 
the amplitude of maximum emf of the directional reception; by, bz, - 
the ratio of the asplitudes of eaf of the nonphase antenna effects of 
the framework to the asplitude of maxinum eaf of the Airestional 


reception £ cos 6 and E sin @ ~ emf, induced within the framevork. 
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Total esf within the framework taking into account antenna 
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effects are expressed: 


E,=E (cosh +a,) + 6), 
ar E,=E {(sin9--a,) + jo,). 





In the genecal case the resulting magnetic field ia joniorneter 


vischeddibbanie inl 


will he elliptical. Por determining the angle of bearing au, 


(direction of the transverse of field) and the relation of saall and 


a 


sesimajor axes of magnetic field (A/B) we will use foraulas (III.3) 
and (III.7) of appendix III, after substituting in thea values of } = 


COs 0 + ay, B= Dg, -N = Sin 8 + ag, -p = bg. Then we obtain: 


ty2 2 [ity Ha) basin d + a, cos 8) + sin 28 
B <a == ~ Th Si cae ee Ale on a ———— 
(« aa + oi) - (a3 + 0: 2)-+-2 (7,cosO—,$1n8)+-cox 29” 





(4.1) 
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(h.2) 
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From (4.4) it follows that the bearing error A in the general 


“ 


case is designed from the foraula 


4 
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tg 2a + 24 tg (2a yu — 24) = 
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a 


vhere and 
D=2(a,a,-+ 6,04) mq E = (a; +6; ) — (a; +8) 


Ae 


are error coefficients. 


ti, 


Let us exaaiie special cases of the presence of antenna effect 


in one of the frasevwork. 


1. by = ag = ba = 0; a, # 0, i-e., only at the first framework 


has phase antenna effect. 4 
Pase 784. 


Prom (9.3) it follows that then 


with approximately with a, << 1 


Pormula (%.%) shows that in this case the error changes sign 


meee rT i (4.4) q 
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during a change ia the angle 6 to 180°, i.e., occurs the fracture of 
the axis of the sinisuas, equal to 24. after equating sero derivative 
of (8.9) in teras of 6, Let us find the value ‘uaxc, at which is 


obtained the maxisum error: 


cos Vane — —2a,, 
Snaxe == arc cos (— 2a,), 


Maximus error will be 


a 


Vie co) 


4nane = 
Ratio A/B in this czze is equal to 0, i.e., magnetic fieli in 


goniometer linear sinusoidal. 


If we restrist the fracture of the axis of the mininanas by valve 
29°(4 = 19), then phase antenna effect aust be not sore than by 1.80/90 


eaxiaum eaf of tha framework (or the pair of the spaced antennas). 


2. &g = a2 = by = 0; b, # GO, ine, at first framework has 


nonphase antenna sffect. 


Prom (4.3) it follows 


67 sin 28 


4 ws — 0,5 ——__—. 
1 + db} cos 26 


(4.5) 


Let us find thea value Ynacc. by which is obtained maxiaum arror, after 


eguating derivative of (4.5) in teras of 8 zero: 


COS 2uane == — bY : 


i i ill ha ab sla il ll 
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After substituting value 4,,,, in (%5), we will obtain for the 
maxiaua error 
a 


Ouane = — 0,5 


(4.5') 


Pa aaery Wl 
io 
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Expression for the relation of the semi-axres of the ellipse of field 


on the basis (4.2) takes the fora 
2 


a 














eee 26, sin 8 rr 2b, sin 
\-(#) Vt + 2b%cos 204 0% — 1 +0) cos 28° 


For the low values b,, we obtain approxisately 


a and 
8 F 
aye = 2esin x (3) ibs 


aay ein 





7Mako 


If we restrict error by value 30°, then the peraissible nonphase 
antenna effect must comprise aot more than 10-120/0 of frane 
reception. in this case, the ellipticity of magnetic field (relation 
of small and semisajor axes) will be also A/B = 10-129/5. 


ay & mig, f ” 


Gibb ie Sees 


From the axasined special cases escape/ensue thosa high 
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requirements whic: are presented to goniosetric systems in the 


relation to the limitation of antenna effects. These requirements are 


é A 3 


ae 


led to the need foc the fulfillment of the symmetry of toa iJiagraa of 


For further jecrease in the antenna effect is applied the 


electrostatic shield in goniometer or supplementary intecwening 





a 

5, framework and paics of the spaced antennas, and also the complete 

i , identity of the parameters of the spaced antennas. 

es : 
‘ The asyaaetry, caused by input circuit, in goniosatcic systeas Z 
é z 
: is attenuate/weakaned by the applicationsuse of inductive coupling 3 
ie (in gonioneter). . 
\ ‘ 


transformar with the screen between vindings. The grounding of 


midpoint of systea is also the effective measure of a jiescease in the 


antenna ef fect. 


The limitations of antenna effect, deterainad for a 3ysten of 
two pairs of the spaced antennas, approximately are retained for a 


system from n of the spaced antennas. 


Reasons for appearance of antenna effects of systems with the 


spaced antennas ace examined in § 4.8. 


Page 186. 
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Errors of goniogetric systen. 


Fundamental teasons for the disturbance of the jgonidsetric 
Systea: the dissinilarity of asaximua currents in the fiali coils of 
goniometer, conmunication/connection between the field coils of 


gonioneter or between the franevork. 


1. Dissisilacity of maximus currents in field coils 9f 
goniometer is caused by facts that are different resistor/resistances 
of ducts of framework (pairs of spaced antennas), emaxiaua Mutual 
inductance of search coil with field coils of goniometer, either 
saxinus caf withia the framework, i.e., 234 * Zg2 OF My mac Me mares 
OF Ei mane FE? mane: the reaaining conditions, which easure the 


noreal operation of system (3.46), are satisfied. 


Let as examine the effect of inequality on sodula/asiulus and 


argument of the casistor/resistance of the ducts of tha framework. 


Let us accept: 


A Me res ACOS P F- ja sin 9, (4.6) 
Zar 





ames Coe ne! 


2. 
nah 


am 
a = 
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where Z2,,/222 = a - the relation of aoduli of resistanze; » is a 


difference in thaic arguments. 


Aftec substituting (8.6) and (3.46) with the exception 2,4 = Ze, 
in (3.49), we will obtain 


sinacos 9 — sate cosasin 6 
- ar 
l= joMEh,yg ————7;, 
: nZy— z— wtdAftcosta — wt Aftsints 
“23 


; wf 


i= j fh Blas 


| —a 5G CoS cos? ule inta—j Fd i a 
Zi1255 ? a 5 ia ale Ny costa 


Approxieately it is possible to count which at the 3saall # and 


values a, close t> unity, denominator barely depends on x and for 


current I, it is possible to write the expression 


fee aM Es —~—(a cos ysin 6+-Jasing sin G) cos a+cos5 sing 
a MDs, tod: = — Mt : 
ZinZes 
(4.7) 


Page 137. 


After reject/throwing the teras, independent of 2, 
will obtiin 


6 and #, we 


/, = cos 4 sina — (asin Ocos ¢ -+ Jasin “singjcosa=-L (4.8) 
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or 
1, =a'sin*0 costa+-cus*0 sin’a—2asin 8 cos sin cus a cos, iw 
(‘1.8') s 
where = = proportionality sign. _ 
Expression (4.8) corresponds to the equation of ellipse. Since a 
curcent in search coil Iy is proportional to its penetrating magnetis y 
flux, of (%.8) it follows that the magnetic field in gonizaseter has = 


the elliptical law of change depending on angle a. Dicing the 
rotation of search coil never will completely disappear the 
alUdibility. When the plane of search coil is perpendicular t» the 
ainor axis of tha ellipse of aagnetic field, is obtained the winisua 
of audibilitys when the plane of search coil is perpendicazarc to the 


transversa, is obtained the maxinum of audibility. 


Let us usa formulas (III.3) and (IIL.7) of appendix CII to the 
solution to equation (&.8). For this, ve asasuse that 
f= —asin§cose, m=—asinOsing, —a=cos), p==0. he < 


then 


tg Dai «= __ __2a sin 8 cos 8 cos ¢ 





—aisin® 6 (cost y + sin?y) + cos!e 


__asinWBcosy —  2atgbcase { i 
= cost8 — aealaeb = 1 — aligns — 1B 2,C08.% (4.9) 
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where 


ty 0, =a tg 6; 


A 
2 — 
8B —asingcos6sing . = hates 
AYE =~ Sarsint contesa gS Pano = 18 #8 Bho 
1+(7) 


(4.10) 


If we deteraine bearing by the sinisus of audibility, then will 
be obtained tha bearing error 4=—a)1,—4, which can be found fros 
the expression 

tg 24 = tg 2 (Quan — 4) = 
aoe 2 (at — 1) sin 26 — (1 — 2a cos y +1) sin 46 i. (dell) 
(1+2a4 cos y+a*)—2 (a*—1) cos 26--(1 —-2ucosy+a*) cos 44° ‘ 


Page 188. 


Let us designate 


at— | and | — 2a cos gta 


To On cos wake mt wee ~~, (4,12 
Dor cos pe KK D+ 2a cos y at (4,12) 


From (4.11) we will obtain 


2D slu 26 — Kein 40 “e 
1-~2D cos 29 -+ Keos 40° 


tg 24 = (4.13) 


whee sical 
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wR Dot lbeulb a 
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er ry SC eee 
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a 
&. 
Fi the naximua value of error let us find further. 
i: 
Bi A 
“ a 

Pros expression (4.10), it follows that ; AV? it reaches 
mae 
the maximum valua when 44,,,== 45°. This, as cen be seen fros 


_ SRE 


(4.9), it corresponds to the condition 


4 
| 
4 
| 
F 
j 
‘| 
4 
d 
F 
: 
3 
3 
4 
4 
j 
4 


ie 
i ctg Oe =a 
Fd (a 
be independent of the value of a phase difference ¢. 
: j 
vy i i 
os Let us substitute = a%,,=45° im (#10) and we will obtain ‘ 
a 
; fA i 
at ; 2i ; 
AF ase te (A) mie t 
i— Matec ‘i 
‘coe : 1 


independent of value of a. 


At the low values of a phase difference » and with value a, 
close to unity, from (4.10) it follows that 
=tsin 20 dey. 
r) A e 
and at @ = 45° we obtain (3) =! Avs 
We will eoxaaine the effect of the diszisilarity of the 


resistoc/rcesistances of the circuits of the framework. Arslogous 


action will produse ineguality on asaplitude and phase 29f the maxinsus 





SRE TS TRB OF a BT SS ES PSE ET) f RR ee yee LETS 
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AAR 
of eaf within tha framework. In this case of a and # tha 
preceding/previous conclusions aust be related to £1 wane end 
Fy mance: 


The obtained expressions (4.9)- (4.13) characterize tae error and 
é the diffuseness of bearings in the general case of the presence of 


dissiadilacity in the ducts of the franewrk. 


Page 1389. 


Whan @ = 0 asd a # 1, i.e., the arquaents of the 
resistor/resistances of the framework are identical, ini poduli of 


Tesistance are different, from (4.9), (4 11) and (4.12) it follovs 


that: 
‘ IK aan, aly db, (4.14) 
fo a en Ee CET 
= Tapa Rae! = aan 91 
and 
oink Gor 4 
iy 26 oe 2 ahi es a+ is ——-—. (4.15) 


OT oe | ao— | 
1—2 ager 08 26 + Gar) cos 48 


Por this case the error can be found directly from 4 pression 





for current Igy (3.44): 


/, _ 1OME Naw (Zyg8ina cos 8 — Z,,cos asin 4) 


a asi 
Zu Zu(Za _ ati costa as ann) 


en ne 
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rhe condition of the ceading of bearing will be equality I, = 0 
or the equality 2f zero numerator of expression for Is. From this 


condition we obtain formula (4.14) in the fora: 
1 anua= 5* teO=a tg 0. 


bearing error 4, is deterained by the expression 


a—| 
ai sin 26 D, sin 26 


—~} — Dicos 28° 








tg 4, == 1g (Quyn— = — (4.16) 


Prom formulas (4.16) it is easy to obtain the derived previously 
forsula (4,15). Let us deterpgine the paxinus value of sccor 4,, aftec 
equating zero derivative (4.16) in teras of 0. We find Oman, with 


which is observei maximum @CrOE Ajay: 


1 Ss 
Guano = Fare cos (FF) (4.17) 
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After substituting (4.17) in (4.16), we will obtain expcassicn for 


the maxigua error: 


ty By nune iad 2 BA eet ’ (4.14 
Yizpt 2Yu ! 
“At the value of coefficient of a, near to wmity, formula (4,16) 


{s sinplified; 


=i i oh 
ie Fp sin Sy (a ysin 26, (4.193 


q 
{ 
; 
4 
4 
{ 
j 
: 
: 
| 
i 
| 
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i.e. error has quadratic law with maxinus values at 9 = 45, 135, 225, * 
315°. With the lacge dissinilarities of the aaplitudes of currents 

within the frasewsck (large c) the law of a change of the ercor is 

obtained more coaplex: besides guadratic component appaars the 


octantal component of error. 


If ve cestrict ercor by value 0.5°, then the pernissible 
@issinailarity of the amplitudes of the currents of field coils will 
be ¢20/0. It is necessary to note that in the case of a # 1 of the 
examimation of expression for I, follows: resistances, iaotroduced by i 
frame circuits iato the duct of search coil, change with the rotation . 
of search coil of goniometer, i.e., for each position of search coil, 
is reguired its alignment of tuned circuit. This is one 2€ the 
sign/criteria of the dissisilarity of the ducts of the framework with 
field coils. 


To the sase cosults (errors vith direction finding and the q 
ataggering of search coil) gives the dissimilarity of tha saxioua 
putual iniuctance of searching and the field coils of goniometer and 


the inequality of the effective height of the framework. 


In the exanined case of a #1, 6 2 0, as this follows from 


(4.10), ASB = 0, L.@., the diffuseness of bearing (ellipticity of tha 


resulting magnetis field in goniometer) are absent. 





care 
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Tf 243 = Zeg OF a = 1 and @ * 0, which corresponis t) the case 


when the resistoc/resistances of the ducts of the frasavock are 


aiffering by nof ile, but they differ in argument, then of (4.9) and 
(9.12) follows that 


tg 2aniny = tg 20 cosp 


and 


D=0, Kea tgt¥ = ky. 
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Bearing ecror i» from (4.13) will be determined by the szuality 


F -- K,sin 40 — (gts tin 19 
ty 24, == tg 2 (duu — 0) == HP = —- = es 
: J—tg?-= cos 49 





(4.20) 


The ellipticity of field is characterized by expression (III.5):; 


AY i Via sinidi ainty 421 
Be Visine sinty | reer 
The maxiaua value of e@Lror Ayan. which occuts whea 


H ’ 
Ouane = 4 are Cus (-- Is,), 
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it is designe’ from the fornula 
tg'> 
tg 2d MaK ee een ae a a ee es ew 
sa Y 1—Kj Vi-wt 2 Vecosg | 


At low vwaluazs #, counting 1/2(1- cos #) = 


=sin' t= +, Ycosp= 1, /i—sin* 2bsin’? =} —Y sin? 26, 


froma (3.20) and (4.21) we will obtain 


4, == — 1/89" sin 40 (4,22) 
and 


) 
A. 221 /2psin 20 ey (4.23) 
Key: (1). it is glad. 
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At low values #, the erroc has octantal character, with large 4 
error function is obtained sore complex (4.20). If we cestrict 
maximua error due to a phase difference by value 0.5°, then is 
persissible a phase difference # on the order of 15°. In this case, 


maxigua ellipticity is obtained equal to 130/o. 


Let us retuc: to the general case when a # 1 and @ # 0. Complete 


bearing ecror can be presented in the forr 


A= Ani —- O= “Osrnn — 4) + (4, — 0) == s+ 4,, 








j 
{ 
i 
j 
4 
i 
4 
; 
q 
‘ 
| 
4 


{ 
3 
4 
4 
1 
4 
d 
q 
j 
! 





poc 77223209 PAGE ~+s- 
- ar 


where A, = #, - 9 - the error due to the inequality of the aaplitudes 
of currents in fiald coils; 4y=4nnx — 9, - error due to the 


presence only of phase difference ¢. i. 


At the low values of errors 4, and dg, they can bs issigned 


independently by formulas (4.19) and (4.22) respectively. 





Thus, we cosa to the conclusion that the bearing error in the 3 
case when currents in the ducts of the framevork differ in amplitude 
and phase and the value of error is small, egual to the sua of 
ercors, which appear only as a result of the dissinilacity of 
currents in amplitude and only dissimilarity of the phases of 
currents. This facilitates the calculation of the error in the 


general case. 
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Fig. 4.15. Maxiaue etcors of goulossetric sysken. 
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Figuces by 9.15 3s0lid lines gives t> dependence of 1 on 6 for 
the 4ifferent eaxinsua errors of goniometric system (designated above 
the curves). As dotted line is depicted the dependence (wr) 


MaAKC 


Qa 6. 


2. Comaunication/connections between field coils 2€ jonicmeter 
or between framework. We assume that in expression (3.%9%) 4,.= 2, <0. 


then 


pis _ fe MCha gros §(Z-cosa + Zsinz) ~ sin b(Z-sina + - Zeus af 


a Zs (2? — 22) — 2Zcw*Altcosa sino — wiz 











(4.24) 
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with + real in radio diraction finder, appeacs only the 
bearing ecror. The condition of the reading of bearing will be the 


equality of zero tumerator (4.24), i.e., 


sf a3 
Zsin 8 —7-cos9 = slud— Zz oe 4 ee 
Zeos@—Z-sind Zoo M9) 
cos i--> sin @ 


(ga= 





Let us find somplete expression for the error funstion in the 


case vhea aoe taal. Prom (4.25) it follows that 


tg d= tg (a -—0j= 


Z sin 6 —~ Z,cos 6 
= Z cos 6 — Ze sin @ gee 


Zsing—Z,cos§ 
+ 700s 0— Zesing @ ° 


or 


tgd-~—= Z sin 8cos 9 — Z,cos?§ — Zsin9eus 8 $0 + Ze sluts 
Zeost® — Z-sin dcos 0+Zsinté —Z-sinU cos 4 ' 
(4.26) 
4 ae 
== 7) cos 29 


on 


(oS SS 
1+ (--4 = z- } sin 26 


Let us designate arroc coefficients: 
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Page 194, 
For a bearing ercor, we will obtain  . 
teAR ARE cosW-+Ksindd4... + (4,28) a 
e. ; The valuas o€ maximum ereor Agave ANG Onuane, With which is observed 
ef Maxinum eCroc, they are designed from the formulas 
* =ae | 4 
on tg Ananc = Anane ee i 
tLe \? .- 
fe jt Be. (4.29) . 
& J ee Se | 
, H « ! Zo 
Unoxe = 3 aresin -), 


When the cSosaunication/connection between the ducts of the 


framework is snall, iee., as is small, error has the quadratic 


character: 
4==E cos 2h, (4.30) 


With maxinums at Guave = O, 90, 140, 2709. 


Liniting ercoc 307, it is possible to allow (7) 2qual hot more 


than 0.01. 
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AS It should be noted that in multiant2nna goniomettic radios 
su! : 
hs direction finders with the number of field coils, latj2 2£ two, the 
nt presence of th2 cammunication/connection between field coils E 
| qi 
ee escape/ensues from the construction of goniometer. But thare this “y 
r : communication/soiiection is not led to bearing erfors wita 
- ; symmetrical anteria Location and the correct winding/coil of 
oo t 
ale gonionetric coils. 
i In composite sense ee is obtained 2lliptical fiali in 2 
goniometer. 
: Page 195. 
: 
If we desigaate Z=R+jX, z=/ RX, Zo Ro jXe, z= VR +A’, 
that we will obtain formulas for the oriantation of ta2 transverse of 
magnetic €ield 4%, and for the relation of the semi-axas of the 
ellipse of the fi2ld: F 
2(RRe + NN eo) ~ sin 29 (29 + 27) | 
i tg 23s == Ss 


cos 2) (2 —2') 


2eos 29 (RY. = NR-) 


: '—(+) Y/ ©08225(22 24) [2 RReEFAN Ve) sinister yt 
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In conclusid.s lat us note that the value of instciment errors 
depends on the circuit diagram of goniomatric systen. Ouring the use 
of a goniometric system, it is possible or to tune both fetamework (or 
both pairs of ant2nnas) into the adopted wave (Fig. 4.163), or to 
apply untuned antannas (Fig. 4¥.lov). In the case of ta2 inclined 
System, trae laast nonidentity of the circuits of two field coils or 
their small detuning (what it is virtually difficult to avoid) cause 
Change in valu2 aid phase of currents in them and thar2oy 
considerable errocs at direction finding. From this vi2worint, is 
more favorable th2 Jiayram with the unadjusted framework, since in it. 
small changes of the parameters of circuits are not taus21 such the 


Sharp flustuatio1s of value and vhase of currents. 
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« 7: 
a) & e 
K npuennuny 
ve) 4 
Pig. 4.16. Ciccuit diagrams of goniometric system: a) witna spiral 
loops; b) with unaldjusted framework. : 
Key: (1). To receiver. 
Page 196. 2 
Therefore at presant almost exceptionai application/us3 found diagran 
with the unadjusted framework. 
We examin2d the effect of breakdown ot conditions (3.45), 
characterizing th2 normal operation of joniometric syst2n, with the ; 
exception of the effect-of tne field nonuniformity in goniometer it 
ks given below in the examination of the errors of goniometer. 
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‘ 

: Analysis of the effect of nonuniformity of the field in the 
Ms i goniometer is given below during examination of errors of the 

i goniometer. r 

4 

a} 

q : 

u.7. Ehe errors, caused by yoniometer. 

' 

“8 

. The fundamental reasons for the errors of goniometer they are: 
: 1) the Jissinilarity of the magnetic fields of field coils; 
‘ 


2) tne coamurxication/connection between field coils; 


4) capacitiv2 coupling between field and search 759i15; 


| 
4 
‘ i 
3) tne nonpacpendicularity of field coils; j 
q 
5) tae nonuniformity of the field of field coils. j 

4 

In § 4.6 it was establish/installed that with tha lissimilarity 4 

of tha maynetic Fields of field coils on amplitude and on the phase 4 


in goniometer with two field coils appear the error ani tae 


ee 


ellipticity of ta2 resulting majnetic field which are designed from 


formulas (4.10) and (4.11). 


j 
j 
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In joniometac with the large number of field coils, the | pe 
dissimilarity of maynetic field of one of the coils causas the sane 
errors ani allipticity independent of the number of field coils in 
goniometer. In goniometer with four field coils, tha aajaatic fields q 
of separate coils can be distinguished between themselves to 
different values. Depending on the distribution of thas2 
dissimilarities, €our zero directions of the pairs of coils, shiftea 
normally one relative to another to 90°, can take any valaes. the a. 
permissible dissinilarities of magnetic fields in thes2 systems 
approximately the same and in the simplest system with tw» field 


Cc OL 1 Se x ° 


The effect »2€ the conmunication/connection between the field 
coils or the framework in systen with two framework is axamined into zz 


§ 4.6. 
Page 197. 
The 2rcor, caused by the nonperpendicularity of t1a> field coils 


of the yoniometer or two framework (two pairs of the spacsad 


antennas), iS approximately expressed by the formula 


A-(l -- cos 24), (4.31) 
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where 6 is an anjle of deflection from perpendicularity. 


This formula is not considered mutual inductance between 
framework of coils of goniometer (with their 


nonparpaniicularcity)wkose effect is examined into § 4.3. 


The errors, caused by capacitive cuupling between fiald and 
search coils, jiep2nd on frequency. Therefore in direction finder it 
is necessary to avoid the appearance of such 
communication/csoarections. Por a decrease in the capacitance/capacity 
between field and search coils in yoniomater, is applied the 
electrostatic shiald. The application/usa of a screen vary 
substantially dasteases also the valve of antenna effect. The 
constcuction of goniometer with the electrostatic shieli is shown in 


Fig. 4.17. 


It was previously assumed that the field, in which cotates 


search coil of goniometer, is evenly. 
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Pig. 4.17. Constraction of yoniometer with electrostatic shield: a) 
assembled selector; b) screen and framework of seacch coils c) 


framewotk of field coils. 


Key: (1). Collector/receptacle. 
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With the nonunifocmity of the field of field coils, tha Cora of 
directional charactecistic is not changed, but the orLantiation of 
search soil by which is obtained zero reception/proceduce, it no 


longer corresponds accurately to the angle, composed by iaicoming 
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electromagnetic field with plane of one of the frawewock. 


Prom the considerations of symmetry, it is clear that in 
goniometer with two field coils this difference will 19t sanifest 
itself, when ray/oean falls in plane of one of the framework or at an 
angle of 45° to them. The error function of goniometarc i3 depicted on 
Fige 4e18 This acror he is called the octant error of 


communication/connection. 


To dacrease it is possible by means of the appropriate selection 


of geomatris iimaasions and form of Field and search coils. 


The dctant accor will he equal to zero with any form of field, 
if search coil 4s carried out in the form of the windinj, avenly 
distributad in taa body surface of rotation [1.6]. One Form of this 


winding is described into § 3.9 [4.6]. 


The octant afroc can be eliminated also, if search coil is 
fulfilled of two sections, wound at an angle of 459 t> aash other. 
Since during cotation through 45° octant ertor revers2s the sign anl 
has approximataly tha same absolute value, the ecrors of two parts of 
this selector average out. The virtually curve of tha ostant error 


not always is is completely symmetrical, and the anyle of shift of 


the sections of 3alector is necessary to selact expeciaaitally. 
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: A 
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4 
aq 3 
Fijguces 4.13. yives the dependence of the error of yoniometer on 4 
q 
the angle of bearing in the range of frequencies 30-190 MHz. Each 4 
: | field coil of jyonLometer consists of two turns, wound at the 3 
: 
| different angles of relatively each other. Errors ace jivan for the % 
angles between tucns 27-909, designated in figure. 3 
i | i 
i} h 3 
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Pig. 4.18. Octant ercor in goniometer. 


Key: (1). Error 13g. 
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The arrors 9£ goniometer it can be decreased by the subdivision 
of field or search coils on section, moreover turn nuab2c in each 
section makes different. The distribution of turns on sections is 
selected experimantally [4.4]. Figures 4 20 iepicts tha form of the 


subdivided statorc.. 


Of goniometec with four field coils, the octant 2rror, caused by 
the nonuniforaity of the fields of coils, is close to z2r0, since is 
Obtained not sompansation. Remanent/residual error has usnally 


duodecimal character. 





oa cee hu sin caubait died Sabie) boy tht dias gta op ABE Lf a, oc gg tebe Sasi Mel oie tu te adel dl 


ge we watt se ante aats anche kd Mp dh 





"Se peer Sieh of jut aly 





Pw peste 


yer?» apes betel a cits Setcans * ee an Sa, 


Pls aie Tell 


aa hel 2 


poc = 77223210 PAGE Ah Zbw| 





1 
=! 
@ 'e 4 
af = 
0 10 ww 30 e8 § nN 
GC \Menunned omeven wed 
Pig. 4.19. Ercors 2f joniometer. 
Key: (1). Errocs iey. (2). True ceading, deg. 
i 
x 





Pig. 4.20. Arcanj2aent/permutation of turns in groove/3slots of stator 


of goniomater. 
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The errors, connested with the field nonuniformity in jyonkometer, ate 


caused by the facts that in the virtually fulfilled yonismeters the 





law of a change of the mutual inductance hetween field ani search 


coils of yoniometarc depending on the anyle between coils can differ 


- 
i ih venti haan She 


from the sinusoidal and be periodic function. Usually aoc2 powerfully 


ee 


are developed th2 odd harmonics of communication/connecstion. 


Ducing the iJavelopnent of goniometer (or the matching coordinate 
transformer) for aultimast radio direction finders wita tae auditory 
or atittomatics rceajiing of bearing it is necessary to consider that the 
harmonics of the tommunication/connection of the coils »€ goniometer 
are lei t> tne di€ferent errors depending on the methodi o€ the 
reading of beacinjy, number of antennas, separation of aatannas and 
law of conmunication/connection. These questions are investigated in 


[4.1 Ju. 


4 adith use of yoniometer in by antenna to system by a small 
separation with an increase in the number of pairs of ant3nnas a 


incceasing quantity 9f oda harsionics of communication/connection 
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ceases to affect the creation of bearing errors. For antananas with 
large separation, besides the errors of separation, 
exanine/considerei into § 4.9, and the errors of gonidaatar, appear 
the supplementary errors and diffuseness in the reading of the 


Minimum for audition (or the ellipticity of the imaga 9»f bearing in 


j 
| 
4 


the two-channel radio direction finder), that depend on the combined 


effect of the hacaonics of communication/connection, saparation of 


antennas and their number. 


4 


vance ei! Lad Di i a anata 


4.8. Instrument eCrors of system with the spaced antenn:3. 


To systea with the spaced antennas are Characteristic the 
instrument errors, examined earlier. Diract reception/prosedure, 
reradiation of raceiver, and also the mechanical failuras 
(slope/inclination of the axis of rotary System, eccastcicsity of the 
scale of rotary system and goniometer, incocrect engraviny and 


inaccurat2 installation of the scale of the reading of bearing, etc.) 


sehcwidd ecto at Aataec te ake nea i nia ac me aie ey Me chi ine 


they are developed in this system, just as in system wita the 


revolving framework (see § 4.4). 


Depending oa that, as is utilized this system (ia ta2 form of 


the rotary paic o£ the spaced antennas oc with yoniometer), antenna 
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. effect nas differant character (see §§ 42 and 4.5). During the use 


of this systea with joniometer, can appear the errors, Characteristic 


ca ial i ie 


to any goniometric system (see €§ 4.6 and 4.7). 


Besijes these the system with the spaced antennas possesses = 


Se Mein bade +, 


still othar spacific sources of errors. 


‘ae! re. a 
cn 
‘ 
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Loe 


Important valu2 has the error, which appears aS a result of the large 


distance between the vertical wir2 antennas in motion]ass external 


system. However, For the purpose of an increase in the sansitivity, 
: they frequently increase the separation of antennas aai taeceby they 


allow/assume this error (see § 4.9). 


Let us examiae the rotating couple of the Spaceji iantannas A and 


B, which are locate? at a distance /,, and /. from the receptor, 


arrange/lcocated at point O. (Fig. 421). 


\ ' Assume that a pair of antennas is influenced by a vertically a 


polarized field. As the beginning for the counting off of phases 
we select the phase of the fieid at point 0. Let us designate the 
phase of field at: point A by 


: 2n 
run aimed * lr. cos 0, 


the phase of field at point B by 


1, == “* [,, cos 0, 
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where @ is an angle between the direction of the oriented radio 
station and the plane of the pair of antennas, 


The same phases , and , will bave emf £, ani £, in 
antennas A andi B. 
Let the affestive height of antenna A be equal to /fi,, antenna B hy. 
Then 2 
ES = Eh aa 
e. : ie 
é £,= Eh,e (4.32) 
Currents /, and /n will be out of phase of relatively torcesponding 
enf. 
0 
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Pige 4.21. Asymnatric lccation of spaced antennas. 


Page 202. 


PhaSe displacesaent ot curtents, if we examine currents of field coil, 


iee.w, of point O, will consist of two terms: 


- phase displacement because of the phase anyle of 3 
resistor/resistanses Z, and Zn the value of this phase iisplacement 
by designation v, and vy respectively: 
Z, =2,0 ‘2 Zee; Ch) : 
- phase displacement yr and yn bezause of propagation time of E 
Current along th2 feeder, whicn connects antennas with th2 receiver: : 
Peo EA ela yea TV Glan (4.34) 4 


where 016 lays dng are dielectric constants and the lLengt* of 


feeders. 
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Currents are exprassad: 3 
& 
| Ey jn, Ehy Pai wi? ee ota 
A” “2. pear ee —™fa , < —- 
=A A (4.35) = 
— En rp Elg itg tint) Jn 
[see > 2, e : =l,e , 5 
where ae x 
A Pam MA “- ([7e, bark fp, C08 9); 3g 
: _ a - 
oe ie = (V tala -- Lp COS 4). (4.30) 
Spiil curreit, which causes reception/procedure, is 2xpressel as * 
follows: ne ; s 
/, = (1,,c0s 9, —/,c0os¢,) +i (/,, sing, — 7 ,sin e,). (4.37) 
‘ where the amplituie of the current 
L=V Ely 2 gf, 608 (9, —¥%- 
Let us examin2 s2veral special cases. : 
1. Ynequality of jJistances of antennas from receiver. In this 
case > 
bey leg lpi alas, E 
but the electrical symnretry of two anteanas 18 rataiz2d, Leave, d 
£,=2,=>2Z, VAT SM, aN heheh, a 
The Yifferenze current from (4.37) wall De q 
UA . 
I= = I(cos 2, -— Cos Py) a7 f {sity | -- $i Y,)] 3 
or 
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The amplitude of surcent is expressed: 








A 
ih. f Pat ' 
1,2 SA sin (12% |. (4.387) 
Let us suostitut? values 9, and 9, by formula (4.35) into formula 
(4.38"): ~ Z. 
Jy= 2 EX sin 1 lay — A ele) + ler & be a)e0s W). 
(4.39) 
a) 
: Current is agual to zero, when aryument with sine is egual to zero, 
ie Qa, when aT eee Vara 
= : cos ax Vtles=Vtles | 3 
Sins2 right sid» is not eyual to zero, are two solutions: 9 ani 
i 180° - 9 which are distinguished to the angle, not eguai to 1809; 


here occurs the fracture of the axis of bearing. B 


Thus, we sea that the asymmetric antenna location calative to 


receiver leads t> the fracture of the axis of beariny ani is 
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developed or analygous with the phase component antenna 2ffect (§ 


be se 


We2)- The value of fracture is determined by the relativ2 


displacem2it of aitennas ftom symmetrical location. 


Let us datacaine the permissible amount of the displacement of 





antennas from th2 center, accepting the staniard deviatio1: of bearing 


qQy 


¢ from the true of ). 25-9. 59. 
t 


Let us assun2 6 = 09 * Se In the absenca of error, tae current 


is tutned into zero, when @,5 = 909°. Error 4 = @ - 90° is jietermined 


4 
: from BF 
sin & we d= Veil Vegi 0,005 + 0,01. 
cnn Tre +t ley 
Let 
Yeast == 1, Lin, —— Lipa == Ally == bry ~ ba = OLS layne lege 2h, 4 
Page 204. 


In tais casa must be fulfilled the condition 


Sle ofr _ gg | 
os = G5 = 0,005 + 0,01, 
b 
iee. the tsentral Location of ceceiver must ve paintain21 «ith 


accuracy ).5-10/o. 


2. Asymmetry of antennas on phase angle. We set/23site: 
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Myo Nye 


lau lygm=las ak, l,l, 
Ve, by, = Vesna TT Vely, 


EA 
i,=l,=/= 3, 


Rn 


PVN 7 (Vela +- bcos 9), 


P= Vana - (| “ely — bcos 4). 
After substituting values 7, and », in (4238), w2 will obtain 


I= 2B sin (FE beos s — +): (4.40) 


AS in th2 pce3cediny case, here is obtained the fracture of the 


axis of bearing. 2rror in the determination of beariay is daterained 


by the formula : A 
sind d=.—-., 
4nb 


With 2b/A = ).2, limiting error by value A = 0.289%, we will 


obtain that a dif€erence in the phase angles impedances of both 


antennas must not exceed value 


j \ 
vc < sin A-- 2r-0,2:0,005 =- ban ¥ < 0,369. 


Qn 
To00 ' 
Keys (1). Ofe 


Fron this example it is evident that the syametry of. antennas 


must he fulfilled with very high accuracy. 
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Piguces 4.21 ani formula (4.37) for spill current shows that in 


Set ehthisabasbbaic s cnebi sii cba ibs, dil 





the examined cases the different component of spill cucrait Ip is 


approximately 2qual to zero and reception/procedure i3 deterainel 


ET 
4 


that mainly, by the nonphase component whoSe amplitude value is 





A Fi 
4 expressed by foraula (4.39) or (4.40), mareover occurs ths fracture 4 
; of the axis of baarings. : 
2 
Ry ne : ice Daher 1 
For the limitation of the fracture of axis, it is nestessary tnat q 
B i 
b 4 
- With possible asyametry of antennas in rasistor/resistanzs3 a change ‘4 
Roo “ 

i , in the anjle vv in the phase response of the resistor/resistance of { 
antenna feeder system would be little. i 
ae j 
aan ; 
C It is known that especially strongly changes tha phase response : 
& a 
: of any circuit at frequencies, close to resonance. It is necessary so 3 
[ to select the parameters of the antenna fezder systea of the paic of 3 
f ; antennas so that the frequencies of resonance for the nonphase { 
é n 4 
: couponment of curcent would be located outside working €cayuency band. i 
t. 
b This vrequireaent is placed during tne dasign of aataina systems : 
_ 5 
, with the spaced aatennas. i 
f | 


4 
{ 


Faggeg es vr eC, STEPS eo 








ot 
dee oe 


PASS Le Ry 





es: 


poc = 77223210 PAGE 2 a> q 


3. Inequality of amplitudes of currants in ante11ias. We assume 


that a 
Lala, Iyz=1-- Ad, P 


h my = ; . 
(pp =H ly = ae V8, fy V6 8 ee | (4.41) 


tIndec thease tonditions 
4nh 
Pa Fy = COS 4, 


After substitutiay values (4.41) into formula (4.37) for spill 


current Ig, we will obtain: 





. Mates. Pa, : q 
/,=—2 [/ ( sin — 3 . sin nae 4 x 
/ +4, Yn— 4% VT 
“+ AI cos ne us aaa mee 5 
nt ey vy 


/ = 
+ j2 [J (cos a Sif} aN Ros 


z 
en ick ek 
~- ar ( Sis ay 


Por the amplLituda of spill current, we have 


/,=2 y/ Paint EM (arpreost 
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Considering that 


Y¥n—- Va nb 
a cosh 


eee 
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- low value, it is possible to assume; y 


fn— Va ¥n—Fa 2nh 


SiN <==) = 0S , 
es cus #5 La 1, vay 
yond \/ (/ / ea cos 0)’ “- (1). (4.42) 


As can be se2n from last/latter expression, the inequality of 
the amplitudes of currents in antennas on its action i3 analogous 
with the antenna affect, which has phase displacement 9)°, and it ' 
leads to tha foraation/education of the diffuse minimums without a 


change in their direction. 


For the limitation of value SI, it is expedient to s2lect the 
paxameters of th2 antenna feeder system of the pair of antennas so 
that the frequencies of resonance for the phase cospoazat of current 
would not be located in operating range. If for the picpose of 
sensitization in the long-wave part of tha ranye it is 1asessary to 
disrupt this coniition and to allow/assume resonance in operating 
range, then it is necessary to take meaSures for that, in order to at 
the resonance freyuency when reactance is eyual to zer2, would cemain 
sufficiently high effective resistance. Por this, for example, 


connect of antennas supplementary effective resistanca. Taen the 


possible lissiailarities of antenna resistafices dO not t1use the high 








.! 


RE RANT eh EB 


faa ve 


rw me 


i ae 





PO at iat 


Doc = 77223210 PAGE 30. acd 
t 


values AI and lacjye antenna effects (or errors) at direction finding. 


The jJissiailarity of cadiation currents can occur also due to 
the dissimilarity of the ertective height of antennas ahsstar tard ty 4 


of the load impedances or parawetere of feeders. 


We axaminei affect AI with the pair of rotary antennas; this 


effect in by gonidmetric antenna to system is examined into § 4.5. 


Page 207. 


4.9. Error of tne separation of yoniometric system froa 1 of the 


Spaced antennas. @ 


In 3 was exarained the ceception/procedure to th2 joni ometric 
system, consisting of any number n Of the spaced antennas. Is 
obtained formula (3.63) for the calculation of voltaja/stress, 
induced in search coil of goniometer E,. Current in S3acca coil Jae fe, 


where Z, are resistor/resisStances of the circuit of search coil. 


By formula (3.634) for a current in search coil it is possible 


to write: 
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k=0 kal 


C) L) 
ds {pS Agns, Sin (2 4-1) 4— ~ Anesth ~U fv a— 


a = acid E 
-|< Aane, Cos (An - 1) 0 +» Ang. scoxn—1)9 sins} F x 
Q k=l . 


k= 





(4.43) 


Eo t 


> 


where 


2nb 


Annas = 2)" = dunes X cas PY. 


- 
Bair | 


Let us present /, in the form 3 


I, = M,cosa — Asin 2, 
where 


a5 ga 


: M,= Asin 9 — A,., sin(a — 1)0-- Ay, sin(a + 1)0— 
— Ayn, Sin (22 — 1)0-+- *4,.,s8in(Qa-- lG+..., 

M, =A, cos 0+ A,., cos(z — i) 0+ A,,, cos (n + 1) 04 

st Agn- COS (2 ~— 1) 0 Ayne cos (2a 1)O--... Ch) 


FCOTNOTE !. This same to dependence is sabordinated the casulting 
magnetic fieli in goniOmeter, and also image on the cathoie-ray tube 


of two-channel ralio range finder (see Chapter 8). ENDPIIPNOTE. 


RT | Se SNR He TIT TET TE YP ENRON ENTER ee ST ENTE STEN Ye ELE NE RS PP TRE RTC eS HS 
oy aan . Paes eed acehealis @ : . ' 


EE Te eee Ae eRe eee a ES Se ee eT eee ae IE Re Ne MER RR ae Se ee ae NS Pe AR et ee a es ae 6 ee a ee mee eee Toe ee ee ee oy ee ee et 


poc = 77223219 PAGE ~32- eu Re 


Page 208. 


When catio 2wb/rx << 1, then in each of the expansions M, and Ma 


it is possible t> ba restricted by one meaber. In this case 





9 
nel Ge COs *) (sin 6 cos a — cos 0 sina) = 


md, Ge cus psi n(@-- ar, (4.45) 


a ee 


Currant /x=0, i.e. with auditory aethod is counted off 


bearing, when 6 = a. Thus, is satisfied the condition 9df the 


E 
ty 
i 
i 

_ 

4 

a 


Re, erroc-free operation of the goniometric system of radio Jirection 
hot 

: finder. 

eh 

2 With an incr2asée in the separation, equality (4.45) is 

; disrupted. Appeac the bearing error (the so-called "arcroc of 
separation") and the diffuseness of reading (e)liptical casulting 
: magnetic field in gcniometer). 

‘ 

Por the calcilation of the error of separation A and of the 
t ; 

. ellipticity of field A/B, let us turn to formula (IIL.12) and let us 
; 

replace in it My and M4, with expressions (4.44); 

KS 
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f AN Af,cos§— Aly sin 
te oie Haas CE ae 
melons + visa dali hb Agee Agnes) sin 28 + - 
Av t (Anes & lng eos nb + C/ = aA orate 
Assuming 


Ay | An. Anal > [== Asn ey te Agneil- a) 


we obtain, that 


or 


Page 


even 


ig(a+i4j “a rr) a Anat t+ Ants cin ng — 





Ay 
_ Ages = Anes eer Anny tt Ane cos 20 -+- 
— “Ay 
— Agn- in : 
Seat Att sin 2n04-. 
ae rh — Higeeroli. ; F Aoi Na 1 
sR LL sin 729 -|- Te 
(s+ if) i 2A 
a Ning im ANnet \ ong (4.46 
pe Cane sin 29 4-... (4.46) 


209. 


Let us exagmiae two individual cases: the nuaber of antennas an 


and the numbar of antennas n odd. 











‘ sr a7 A SEER re ba = =: Sr foal CSE Tae eee te ee ae ee ey Pe ee eae ea een ay 
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: 1. Number of antennas and even. In this case the rijat side of 
expression (4.46) is purely real; therefore A/B = 0; i.e. the x 
ellipticity of field is absent. " 
Replacing A, Ang, and Ayns,... by their expressions with Bessel = 
i functions (3.51), we obtain 
en { 
if i : 
i : 
Cy pith = 
; (-1)7 [ tans (A cost ) + dan (Fe cos 
yd rine sin 29+ 
2 11) > e088 ) 
Qnh 12 of 19nb \12 
| onGae) oes) 
: haart aaa 
e 2 it 7 7 cos 
t | L \ A 4 
% 2b Qn 
Java (A e088) tae (FE eos ) ) 
$} rei sin ent : 
i aa cos 8 q 
(447) q 


Approximately 


‘ +) J /2nh )] 
co + Janda ba Cus 


7206 
11 (7X2 cos 8) 


, 





sin a4, 


(4.48) 


It is known that 


Jn: (4) +44, (0) == a fa (a). 
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Utilizing this eysality, we obtain from (49.48): 


a 


an(—1)? J, ‘cy cos f 


(6 Oe ea 
“combs (7° cos 5) 


sina 4. (4.49) 
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Thus, we sea that with even number of antennas, if is not 
satisfied for th2 separation of antennas condition 2"b/\ << 1, occurs 
the bearing error, w#hich is expressed by formula (4.45). The law 
governing the ercor of the Separation of the antennas of 1lual order 
relative to the number of antennas, i.e., at by the four-antenna of 
system, these are the octant error, at by tne six-antenna of system ~ 


the error of 12-fold order, etc, 


During parallel connection of the pairs of adjacent antennas, 


Which are located at an angle 27, from formula (4.48) wa #ill obtain 
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w)2 


ae 2nb fn ‘ 
(— i) [ Vn S ey cos :) cus \2 _ Vy + 


1¢4 = —_—_—————— 
J, (EP cos nx 


: feo Nf 
ty CBon)oolity] 


= sin + 0. (4.50) 


X08 7 


Expr2ssioa (4.50) is obtained under the assumption that 
impedances of all antennas are idiantical. In reality, wita asymmetcic 
antenna location their impedances become different. [h» procedure of 
calculation of tha error of separation taking into account mutual 


impedances with aay antenna Location is jiven in [4.4]. 


Formula (4.39) for the low vaiues of the sepacatisn of the 


not 
antennas when 2#b/d cos 3 < 14 Jy (x) = 5s assupes the fors 
fond “cme ty i 
\~ cos J 
tg A as aay Sinn 0. (4.51) 


Prom formula (4.51) follows that toc by the fouc-antenna of 
system, 1.e@., whan n = 4, and with 2wby/rA cos 6 < 1 


ig = Gs cos B ) sin 49, (4.52) 
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The efror of ta@ se@pacation at by the four-antenna of system hus 
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octant law from 9 and is deSigqned from formula (4.52). 


Figures 4.22 depicts the errors of separation depending on S = 
2wb/yx for the different number n(B = 0). Constructed according to 


formula (4.49). 


On tae axis of abscissas besides scale S, is plott2i/applied 


another scale 2h/k,. 


Curves in Fig. 4.22 show that the errors rapidly i2ccease with 
an increase in th2 number of antennas and with respect rapidly 
increases the pecaissible separation for the assigned aaximum ercor 


of separatione 


For the sepacation, close to 2b = 1.22d, when Jy (2mo/dA) = O ani 
effectiveness 9f syst2n equal to zero, errors strongly grow/rise, hut 
they capidly fall with a decrease in the separation (2b ¢ 1.22). For 


Separation 2b = 1.8a/r = 0.573, the values for J, (2eb/\) and the 


effectiveness of systeu reach maximum values. 
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Pige 4.22. Errors of separation with different number of antennas. 


Figures 4.23 shows close to the maximum of the ercorc for 46 = 
22930" for 8-antenna system with parallel connection df the adjacent 
pairs of antennas (y = 22930%; 27930; 309) in the casa waen, the 
TeSistor/cesistanses of all antennas are considered ilantical, and 
when y = 27915 for one Special case of antenna location, when is 


considered the dissimilarity of these resistor/resistans33 [4.9]. 
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Here for 2 comparison are given errors for by the four-antenna of 
system. From Fij. 4.23 it follows that if we do not consijer the 
dissimilarity of complete antenna resistances, then batwa2an the paics 
of the parallel-connected antennas optimum angle will be 7 = 27930°%. : 
When the cesistor/resistance of all antennas it is not possible to = 
consider identical, the best angle between the parall2l-sonnected 
antennas lepenis on size/dimensions by the antenna of system and 
parameters of single antennas. Optimum angle y can diff€ae from 27930 


- it must he establish/installed aS a result of calculations (4.9 }. 


To apply it is more than 8 antennas virtually inexpaiiently, 
Since, limiting aaximun ecror by value 2°, with 8 antennas it is 
possible to allow separation 2t = 1.05, close to maxinun 


permissible. 


All the cucvas 9£ Figs 422 and 4.23 are designed for the ground 
wave when 2 = 0. Jf system without parallel connection 3f antennas 


with an increase in the angle $, the error of separation falls, since 


in this case s2eninyly decreased equivalent separation. 
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we Fig. 4.23. Errors of Separation of 8-mast system during parallel 


connection of adjacent antennas. 


Key: (1). Taking into account resistor/resistance. 
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In systems with the parallel-connected pairs of antennas, the 
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error of separation not always does fall with an iocceas? in the 
angle of incidenca. It can have a maximum with B # 0, and with 
certain 8 change sign. This is explained to the facts that in such 
systems by selection y 1s realized error compensation 9€ separation 


on.y for the angl3 of the slope of a front of wave 8 = ). 


Table 4.7 gives the permissible separations of ant3n1a3 at the 
different values of maximum errors for the different number of 
anteinas n. For 3-antenna SyStem with tha parallel-conaascted 
antennas, it is taken into account, that at some angles of incidence 
the error can change its sign, and therefore the pernissidle 
separation for tnase systems is designed on the basis of the maximun 
Spread/scopne of error. Antenna rosistanc2es are assumai ts he 


identical. 


From all that has been previously stated, it follows that with 
an increase in the number of antennas with just one seoarition of 


antennas the e@troc of separation falls. If we restrict error by the 


eet eee Pe ee 


determinei value, then the permissible s2paration incrc2as2s with an 


increase in the number of antennas. 


Tahbl2 4.1 yives the ratio of maximum Separation of 3ystam with n 


antennas to the maximum Separation at by the four-ant2naa of system, 
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Separation 2b = 1,22, with which the error of separation 4 
independent of the number of antennas approaches very Larye value and 
effectiveness is aqual to zero, is maximum. With 2b > 1,22 the error 


chanyes sign and it decreases. 


The catio of the maximum separation of antennas for n-antenna 
System to the maximut separation of antennas at by the foar-antenna 
of system falls with an increase in the permissible error of 


separation. 


Duriag the use of parallel connection of adjacent antennas for 
Beantanna system, the smallest ervor of separation is obtained, when 
the anale betweaa the parallel-connected adjacent antennas y = 27.5°, 
if we 20 not consider the dissimilarity of antenna resistances; if wa 
consider this dissimilarity, then vonr depends on the parameters of 


concrete/specific/actual systen, 


2e Number of antennas n {odd. With the odd nuaber of antennas, 
the rignt side of expression (4.46) has real and imaginary parts. Thea 
first doetearminas arcoc, the second - diftuseness of pearing is equal 


to the ratio of tae axes of the ellipse of the field 9f goniometer. 








7 Doc = 77223211 PAGE 37% 


x Page 214, 


Table 4.1. Chacasteristics Of goniometric type multiaast antenna 
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Key: ¢€1). Number 9f antennas n. (2). Number of field coils of 
goniometer N. (3). One-half angle between the pair of antannas 7°. 


(4). Nuaber of figure. (5). ‘K4tic of the maxiaua pacaissible 


separaticn to wavalength 2b/A with maximus erfor or the saxiaus 
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v4 spread/scope of acrors, deg. (6). Relation of maxinua separations of 
= n of system and at by the four-antenna of systea when D isvo ; deg. 
rs 
> Page 215. 
be 
ore Error 4, with the odd nuaber of antennas is small and is 
. 
* expressed (4.46) 
‘: Ai in ay A nai — «lant eee een 
. ty df i "sin en 
2A A 
& 


or 


tg duane © Ayane = [Ja-+ (Fr ce t)] [ree (Fe cos r)) 


ns eg 


The 1iffuseress of bearing, characterized by the ratio of the 


axes of the ellipse of field in goniometer, is designed with 8 = 0 by 
the forsula 


tla “47 
A ee Angs — al 


n-1 . {) = 
a i Sin nt oth 7m 
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The lominant cole with the odd number of antennas plays the 


diffuseness of bearing. It is deteragined from the saae formulas, as 


the error in the case even nuaber of antennas 


(4.89) and (4.55). 
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Pig. &.2%. Antenaa systea with the odd nusber of antennas. Dependence 


Uwere OM S ®& 2wb/d. 
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On Pig. 4.2%, is depicted the dependence Pv... on Separation 
with the iiffereat (by odd nuaber) number of antennas. Along the axis 


of abscissas, is jeposit/postponed by S = 2sb/r, and als» the ratio 
2b/r. 


The odd number of antennas is not virtually appliad aainly due 
to the appearanca of antenna effects of systesa. The in principle 


sinimusm number of antennas of goniometric radio direction finder is 


equal to three. 
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4.10. Mounting ercors of the goniometric systea of the spaced 


antennas. 


Erroc in orientation of antennas. 


On Pig. 4.25, is represented the arrangement/perautation of 
antennas by a four-antenna of system. Direction in one of the 
antennas (the ficst) is displaced in the angle 5 of relatively 


initial reference line 00,. 


Of eaf, indused in antennas vith tha vertical elastric field E£ 
of the elactromajgnetic wave, which comes in from azimuth 9 with the 
angle of the slope of a front of wave §, they will be 


h 
ash ain @ cur D 


E,=:Ehe _ Ey Eke * 


Qah inh 
—f COS Fos) 147 310 Geos 3B 


E,=Ehe * and E,=Ehe 


Jeb 
/ aaa cos (8—b) cos 3 


’ 


where h is the effective height of antenna taking int» azcsount the 


angle of the slopa of a front of wave 6. 
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Fig. 4.25. Incorrect orientation of antenna. 
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At the low value 6 of eef in the first antenna, it will be 





a es i is" cos $cne3: alts ain cae 3) 
Ly, ache 5 


ice. it has supplamentary phase displacesent # = 2wb6/ sin @ x Cos 
f, moreover in view of smallness 6 cos @~ 1 and sin @ = & = 2wb6/d 
sin @ cos fp. Eaf itn the pairs of antennas 2-4 and 1~3 in the case 


when 2wb/A << 1, will be 


Ey Ey — Ey= 2th © cos 3 sin 6, 
Ey, = é, as £, = i (E, + JE" sy), 
where 


2nb 


E',, == Ei seas 3 Y y= 
; Ei x cos 6 cas 3 - 2) 


rb! rn: were Z 
=- DRA 2a [ces §-+- = sin y , COS p 
- / 
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Ce. 


and 


E".= ad sin @cos BE’,,. 


In system appear the error and the iiffuseness of bDaaring. Por 
s@all angles 5, the error is caused by value B',,, diffusaness - by 


value BY ,3. The salculated bearing a is determined by tha equality 





tgas ft 1) (4.56) 
ss cos 4 + “5 sin @ 
Bearing error is iesigned from the foraula 
3 
7 (1 — cos 24) 
tg | Aj= tg ja— 4, = ——,—_. (4.57) 
L+-¢ sin 26 





After equating zero derivative of expression (4.57) in terms of 


6, let us find azinauth Uaance when occurs msaximue error 


Banc: 


! 3 
wane == 90° “gy AFCSIN 3° Re gne 


and 


Bivatee = 5. 
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2.4 
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The diffuseness of the miniaus is characterized by the foraula 


A __abd.. f 
=F sin OcosB. (4.58) 


AN nbd 


Naxiawa value (4 ="-coss is obtained at @ = 90° Pros formulas 


Buena 


(9.57) ani (4.58) follows that if we restrict error A iaite by 


value 1°, then ace the permissible value of the angl3 3£ shift of 


artenna 6 ¢ 1°, also, in this case (z) aa. 
MaKc 


Dissimilarity of the Level of antenna mounting. 


Let tha first antenna be elevated on dh above tha c3maininog. 
Other errors in installation there are no antennas. [3 ociented 


electromagnetic fleld, noraally polarized. 


Eof of tha first antenna has supplementary phase displacement #4, 


caused by the facts that it is elevated: 


g= — Sa cos Osin B. 


1 4 ewe Onda ed aie ees de oe ro eee rant ieee 2 er SE SS a ee a ee oe a . 
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al 
ia 


then 


Since 2w4h/r <¢ 14, sin 6/2 = 6/2 = whh/d cos 6 sin f ani cos 6/2 = 1, 


Eaf in the pairs of antennas 1-3 ani 2-4 will ba ; 


Ey =f (Es +E"). Ey, = j2EA2 sin f cos p, : 
moreover 
E',,= 262 cos cos B(1 — 3 te ) : 
anc 
é"; == 54 cos Osin 3 L',. 
Page 219. 


The angle of bearing a is determined by the equality 





gage —— 8 = (1+ or EB) RO. (4.59) 


Bearing ecroc on the basis (4.19) can be designed by the formula 


bh ‘ 
As tgpsin20 and Anane= AP tgp, (4.60) 


Diffuseness of the bearing 


(eee Sin 3. (4,61) 
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If the sepacatiosn of antennas 2b = 10 a, Ah = 20 sa, Pp = 459, 
then 


Auano = mw 0,6°. 


When A = 30 0 (+) no 0,015. 
‘7 MAKO 


Dissimilarity 2f a radius of the arrangenent/perautation of antennas. 


Por the paic of antennas, this case is examined into § 4.8. It 
howled shown, that with a difference in the distances of antennas of 


center Ab appears the phase antenna effect a = Ab/b. 


The phase antenna effect, which appears of the paic of antennas, 
is brought in jontometric syetem to the bearing erroc whose saxinun 


value is calculated by formula (4.47): 


a 


Buane == Vroa aaa 


So that the arror will be not more than 0.59, distanzes of 


center must be saintained with accuracy db/b < 0.009. 
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Slope/inclination of one of the antennas. 


The first antenna has slope angle toward vertical line 


Slope/incliaation can have any orientation celativa to the plane 
of the pair of antennas 1-3. Let us exasine two lisiting cases: 
slope/inclination in the plane of the pairc of antennas 1-3 and 
slope/inclination in the plane, perpendicular to the plane of the 


pair of antennas 1-3. 


Let us detecsine error for the first case. Is Ociaated field 
with strength £ and the angle of polarization y. Slope of a front of 
wave B. The effective height of the first antenna foc th3 reception 


of the vertiral field 
hy--Ncosp 


and for the reception of the horizontal field, perpendicsalar to thea 


plane of propagation, 


fp=h sin. 
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The amplitude of asf in a pair of antennas 1-3 will be: 


from the vertical field 


fi 4nbhE ; 
E\F.= 7 608" pcos y cos 6, 





frors the horizontal field 


E"~,, = E&singsinysin 4. 


We assuse that eaf £',, and £2" ,, coincide in phase. fheo the 
amplitude of complete eaf in a pair 1-3 we obtain as sua £',,3 and e&” 


a3: 


£,=£',5-£',= sae cos*8 cos Y x 


x cos) MEY sing 
“7 cos* § 


The agplituis of eaf in a pair of antennas 2-4 will be 


4nbht 
Ey, == —\— cos*B cos y sin 4. 
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The ceadiog of bearing @ on radio direction finder is determine 


by the expression 


igen fee 
RO = cost dbasin’' 
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5 
bi 
: : 
zi : where : 
" __singtgy a 
Z Ci . 
oe TY cos*3 : 
De) 
fl 
k : Bearing error will be 
: { a 4 
¥ a (i — cos 248) . = 
ee igA=A=tg(a— 8) = - (4.62) 3 
ae : l+ 5 sin 28 3 
to 
& The maxiaua valee of the error when 6 = 90° is equal to 

sin ytg © 

i buanc =A = mT (4.63) 

“Tr cos' 8 


Let 1=5°, vy = 45°, B = 45°, bsr = 0.1, then 


0,087-1 ~ RO 
Oyanc= 1,26-0,5 = 0,138 = 8 5 





In the cace of the slope/inclination of the first antenna in the 
plane, perpendicular to the plane of the pair of antennas 1-3, the 


condition for tha reading of bearing will be 


sin® 


ge= 7 a) cos 6 


(4.64) 


and bearing erroc Anan = 5. 
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In other cases the saxiaum error is located froa &/2 to @. 


We assumei that the phases of eaf from horizontal a12 vertical 2 
fields coincide. In reality between thea, there can be a phase 
difference. Then error decreases, appears the diffusenes3 of the 


niniaua. 
Page 222. 

Examined will be cequirements for installation the four-antenna 
of goniometrisc systes. The conclusions about the permissible 


inaccuracies in the sounting of antennas approximately aca cetained 


for the case of asultimast cadio direction finder. 


4.1%. Symeetrization of diagraa with the connection of antennas by 


coaxial cable. 


In radio iicaction findec with rmotionless antenna by system ara 


applied several antennas - the vertical vibrators or ths Framework. 


The connection of the symmetrical directional antanis to the 


asyamsetris input 2€ cadio direction finder, and also the connection 
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of separate syamatrical vibrators to Common asyametric disgraa is 
convenient to cealize by single-cable coaxial cable. S> that in this 
case is not disrupted the syanetry of the diagras Of the ilirectional 
antenna of vibrators (did not appear the single-cyclse succent), ace 
applied conversion transforagaers (on long, average and short waves) 
and the balanciny ce’l/elements (in the VHF range). Sesiies the 
transfotaers of the described systeras into $4.3 it is pos3ible 


application/usa and other constructions (4.5, 4.10). 


Thera is spacial interest in the transformer whose «indings are 
coiled around ferrite tori. The coasunication/connectisn between 
windings is obtaiiaed because of currents (field) in the shieliing 
jacket. These transforgfers with coupling coefficient, cloze to 1, 
provides the latgs symmetry of connected to winding syas2tric loading 


[4.5 }. 


The simplast systers cf balancers are depicted on Fig. 4. 26. 


In jiagraa with U-bend (Pig. 4.26a) to the end/leads of balanced 
network ace connested the end/leads of the supplementacy cable, which 
foras U-bend. fhe vein/strand of 1 coaxial cable of fes3i is connected 
to one eni/lead o€ the load, the sheathing of 2 cables is connected 
with the sheathiazy of U-bend and it is grounded. Because of the fact 


that the Length 9f U-bend is selected as being equal to a/2, the 
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phases of stresses on the end/leais of balanced network liffer on 
180° and single-cycle cerrent is absent. If resistance of balanced 
Network are desijiated 2,, then for the agreement of loads the wave 
impedance of coaxial cable must be equally to * 


ra 


Page 223. 


In the construction, depicted on Pig. &4.26b, the vein/strand of 
coaxial cable 1 aad sheathing 2 are connected to the end/leads of 
syauetric loading. To sheathing is placed with small yap setallic 


beaker (3-3) by Length A/%&, opened from load and + to cable 


sheathing from another side (a-a). Beaker forms wi able sheathing 
the short-circuited line with entry impedance Ze, —jpe: ty 5"! 

also, at lengta i=* Zep ae. In this case, the currant from the 
end/lead of 2 loads on cable sheathing is absent and th2 svanetcies 


of diagraa is not disrupted. 





. 
v 
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Pig. 4.26. Equivaleat diagrams of goniometric system of two 


frasevork,. a 


Key: (1). Syasetrical. (2). Coaxial cable. (3). Cross son1ection. 
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The Jiagcaas of U-bend and beaker are nacrow~-bani. [n tha 
device, depicted on Pig. 4.26c, vein/strand 1 and the sheathing of 2 


cables are connected to syasetric loading Z, just as on Fig. 4.26b. 


To vein/strand 1, is connected the even petallic cylinier whose 
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diameter is equal to the diameter of cable sheathing. fo cylinder ani 
cable sheathing, is put on (with a small gap) the metal tube, 
soldered to them in a-a and b-b and generating the lina, 
short-circuited from two sides. Since the halves of line 8 and B° 
have identical laagth, wires 1 and 2 prove to be equally loaded and 
the syametry of diagrasa is not disrupted. Diagram Pig. 4.26c is 
wide-range and it is used in the section of range, while 


short-circuit iespadaoce is greater than load impedance. 


On Pig. &.261, is given the schematic of the nodifiei device, 
shown to Pig. 4.25c; it differs in the facts that the halves of the 
short-circuited Line B and B* for the pucpose of a decrease in the 
overall sizes are bent. With the movement of the supplasentary cross 
connection of short circuit it is possible to change wavalength vith 


which back-out rasistor of line is equal to infinity. 


@.12. Effect of the dissimilarity of the parameters of tha connecting 


cables. 


Por tha corract work of radio direction finder, tha sablas sust 
not change the amplitude ratio and phases of eaf, the induced within 


the separate antginas or framework. At the saae time, the pieces of 
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cable, serving foc the connection of the separate antennas and 
frasevork as the antenna vf the systea of radio direstioa finder, 
sosetises have tha different pacaneters. The lengths of the pieces of 
cables, as thoroughly they had not selected, also can be 
distinguished. Foc this reason is disrupted the normal sosration of 
the radio direction finder: appeac the instrument errors and the 
diffuseness of tha siniaua with the reading of bearing to audition or 


ellipticity of iasge in two-channel visual receiving indicators. 


The jissiesilarities of wave impedance p, and of the attenuation 3, 
of cables are usually small and can Me disregarded. The 
dissimilarities of the coefficient of elongation {=}’r, where «— 
the equivalent disalectric constant of cable, and geometric lengths 
they lead to the fact that are distinguished between thasselves the 


electrical lengths of cables. 
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Let us desijgaate the dissisilarity of the electrical lengths of 


the pieces of the cable through 4m/, where m= “yw. 


Effect of the dissimilarity of the electrical lengths of cables in a 


goniosetric systena. 
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On Fig. 4.27, is depicted the equivalent diagcsa of syster of 
two framevork (or two pairs of the spacei antennas). We assume that 


all network elameats, with the exception of the lengths of cables of 


the framework, are identical. 


Let us designate: 
£,=€&,cos@ and £,=£,sin6 


~ eaf, induced within the framework or pairs of opposite 
antennas; 


Z.— the load iapedance Of cable from antennas; 


Za=rn+iAn— the load impedance of cable from receivarc; 


mao gand omltami— the electrical Lengths of the c32les, which 


go froa the pairs of aatennas. 


Let us convert by voltage BP, 


the end 


and resistoryresistance Z, toward 


of the cable where is included the load of the c2ceiver: 


E' ites PoE 





= Go 
14 cosml +], sin mi ‘ (4.6 
Z,.008 ml + ja» sin mi ie 
== ----— os —- fot 
Ha OU Dy cosml + iz, sin ml 0b) 
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Pig. &.27. equivalent diagram of the goniometric systea of two 


framework. 
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Current in the load of the cable of the first fraseso.k will be 


a E' 467 
fear ao ey 


POOTNOTE *. In the case of the presence in diagran, Lat us exaaine 
the torque/moment of the reading of bearing, when there is no 


reaction of search coil to the ducts of the framework. ZED PCOTNOTE. 
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After the substitution in (4.67) of formulas (8.65) 104 (4.66) 
we will obtain 


fests eee, Te 
Pe (Zn + Za) cos ml + i (ZaZnt+ ey) sin mi 


Analogous expression can be written for current ee on the basis 


of eaf EB, and length of cable /,=/+a41. 


Let us examine two special cases: q 





Za= Pus 
then 
Xn 
I, = i ay (mu saeera ite) 
¥ (Ri + oyyP x? ; 
and 
Zn == Dy, 
then 7 
™ 
i= ---= Z£, —1 (mis arcta aa) 


SSS C 
V (Rat pay X; 
In both cases, i.e., when from any side of cable, load impedance 
is equal to the wave iapedance of cable, the amplituia of curcent in P 
load does not Jepand on length {. Phe length of cable determines the 


phase of current. The dissisilarity of the lengths of zhne cables of 


the framevork in these cases is brought only to the diffaseness of 
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Paper Sore" ome 


the ainimua (to the allipticity of the resulting magnetics field in 


gonioneter). 


meuthuiw? Geciad 
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In the general case of resistorysresistance Z, asi Z, they have 
composite character. By addition at the cable of certain length a can 


sake @guivealeat cesistance rae (9.66) by purely astiva and equal 





to  -2', = Soy. Proe the course of antennas, it is noted ‘for 3.1) 
that 
2pp Ne gs 
ty Qn = REx er (41.69) 


= V on geitam 


(RAN, at Pid 
J fi eee at Ns as 
$y (RE + NG +05)? 

ae op NF 4-98 — RE +N NT + 9),)) — 4B? 0, 


ae -~ 
==. (4.70) 
E+ Xp | REN? tpn) + ARE 


Here S - KBV of cable, determined by antanna resistansa. Let us 
designate the new equivalent length of cable = (o=/+u. Proa (4.68) 
the expressios foc a current in the load of the cable »>f the first 


fcamework assuses the fora 


E tn ne fe cos 4, 
(Zn + SPq) cos nly + | (Pp + SZp) sin mil, 


where 


OS Bitcaetiin EW 6s en © nate la 4 ra 
! 10 (Zn + Spo) cos ily +; (Py + SZn) Bin mile Gal) 


4 
q 





2% 


TUG 
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or 


£5 


¢ 4 so a Sd ee 
(Pye)? (Za + Seq) cost ml, + (Pe + S2n)* sin? ml, 


(4.71') 


The phase of current I*,, in load Z, is determined from (9.71) 


by the expressions 


e® a e + SZn \ > 
P, = arc ty Ca. 1g My). (4,72) 
If the lengths of the cables of both of the framework are 
identical, then cucrents I',, = I'g9 is counted off tha ascurate 


bearing a, which is determined by the fornula 
tga 42 =ig8 and a-=/), (4.73) 


Due to the fact that the length of the cable of tha second 
franevork differs from the length of the cable of tha first framework 
I,zzl, + Al, saccent in the load of the cable of the second 


framework I*25 will change and it will stop I' gg = I'y,5 + AI. 


Pog e 229 


Will apprac the bearing error, vhich at small valuas AI/I‘y9 has 





7 ioe 
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Hes 


ry 
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quadratic charactar, and in accordance with formula (4.18) its 


saxinue value is determined by the forsala 


4/ 


ep abe Oe iaaae 
are’ 2%, a 





1 
tg (Sa) = eat (4.74) 

ae 
iy Differentiate of expression (%.71*) in teras of nl, and 
. after subdividing it into 4(I',9)#, let us find the aarisum value of 
ie | @LLOL (44) sane: 
ra 

= oi (22 ~~ 93) (S? — 1)] Amd, sin Quit, 
a 1 (Ba)mane = 3 EESpyi¥ cost inle F (bo F Saa\' shah mle" 
: (4.75) 

4 


Erroc is equal to zero independent of length /, with zn=py 


or S = 1, which establish/installed earlier. 


Aftec equating zero derivative (4.75) in teras 9f ml,, let us 
find the sost unfavorable length of cable /,. at which is obtained 


maxinua possible error (Aa)uanc mano 








2 APe + S2n)* — (tn + Spe)* 
cos2m/, = (te + Seal! Ftp + Soqi - (4.76) 


Aftec substituting (4.76) in (4.75), we will obtain 


1 (eh ey (Ste) | 
{2 (Oa)mnwe mune =! Deets A (imtl,). (4.77) 





Using axpcession (4.72), let us determine the chanys in the 


phase, produced by a difference in the length of the paic of cables 
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of one of the framework of smi, 


(20 + SPe) (Pa + Sin) siile 











Oe = Gop Shel ceil alee Gc 7 Sia) anh 
Sexiaanm value (4%)... is obteined vhes ml=(2n + 1) 5 and 
it is equal 
at SP 
(49) mane = = = aH Aml,, (4.78) 
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The allipticity sf magnetic field in goniometer (or the image of 
bearing on the cathode~ray tube of the two-channel radio direction 
finder), which is caused by a phase difference (Ag)uexe, is 


determined froa forsula (4.23): 


ie = 0,5 a Zn + SPe 7 
€ yd = 0,5 (4?) sae =0,5 (3 + Stu ) Aml,. (4,7 9) 





Bhan z= p, OF Za= pm (1-06. S © te then (ba) sauce mane =0 and 


(AP)nane =A, independent of value Avyii,. 


fost stfongly manifests itseif the dissinailarity of the lengths 
of cables wher 2y= 0 or Zy T= OD. For these cases, taking 
into account that S=Ko, from the connecticn of tha load of 


antenna, we will obtain 
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tg (4a) weno ware” =| Se ee mai mi,, 
A ae | 
CF ae eae SMTi ee (4.80) 
fA Ligue, | 
(3 daz =0,5 x aml, 
<,3 @ 


If we consiijier that are obtained current resonance or voltages 
in antenna circuit, i.e, Za 00, or 2,==0 (S = ©, either Ss 


= 0), then ve have 


tg (O2)nane wane = ! if lami, 
and 
(z) = +4 Paml,, 
<—— vhere P="", or Pa a coefficient of travalling wave 


frorm the load of receiver. 


Laws in this case the same, as (4.80), only Kg, it is 


replaced by P. E 
Page 230. 
On Fig 4.28 are depicted designed by foraulas (4.33) at values 


Anil, =0,01 aad Ami, = 0,05 the bearing errors Az and the saxisuns 


ellipticity of maynetic field in goniometer A/B depending on KBY of 


the loai of cabls frosa receiver oc antenna. 
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Pig. 28 Etrors due to the dissisilarity of the @lactcisal leagth 
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From the cutves Fig. 4.28 follows that, liaiting accor by value 
19, it is possible to allow KBV of load from 0.25 to 0.75 depending 
on the dissimilarity of the lengths of cable. 


It is possible to show that the dissimilarity pp, betveen the 


pairs of feeders is led to squared error vhose esaxinus valae 0,5 Pe. , 


vhere “a. — relative valae of the dissimilarity of the wave 
impedance of cables. Usually sae they limit so that tre aaxisue 


Pup 
error would lie/rast within the required limits. Sometiaes for the 


equalization », of cables cable vith high wave impedance they shunt 


by small amouat of capacitance, Selected experimentally. 


On (4.78), it is possible to alSo calculate phase jisplacerment 
of currents, whicsa occurred as a cesult 39f the dissimsilacity of the 
lengths of two cables in one pair, only 2, and » thay sre related 
in this case to single cable. Knowing phase displacement of currents 
in a pair, it is possible on (4.79) to determine the caused by this 
phase displacement antenna effect. Being given the perasissible 
antenna effect dua to the effect of the dissimilarity of the lengths 
of cable in a paic, is determined the permissible saxisus 


dissimilarity of Lengths. 


We will exaaine system of two framework or of two pairs of 


antennas. If in antenna to system used more than four antannas, then 
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instrument error does not exceed that which was designai by formula 
(4n77) 


Effect of the dissimilarity of the electrical lengths 2f cables in by 


the circular antaana to system with acute/sharp directioral 


characteristic. 


We assume tha sum-and-difference method of the reading of 
bearing. 


2H - the nasaber of antennas, which fora direction-fiading group, 


E - voltage from any antenna on the Output of the cell/element 7 
of addition. q 


Output poteatial of the cell/felement of the addition of esf " of 
the antennas of subgroup with the ideatical lengths 9f tha cable 


E,m EN, 
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Output potential of the cell/elesent of the addition of eaf WN of 
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the antennas of tae subgroup where one antenna has a cable with a 


differing froe otkers length of: 
E,=E((N—1) +e!" 


or 


Ey = E{(N ~1)*+1+2(N —1} cos (mip? 9¢ a 
sin (ami) q 


farctg N-leus (snl) 


xe 


With the ceading 9f bearing, appear the bearing erroc A aad the 
ellipticity of image A/B. 


The sorresponding to error angle on cathode-ray tube will be 





aes sin (Smt) 
4a= 0,5 arc tg N—-i-+- cos (amfy * 
Bearing error with consideration scaling factor It == 2528 (2b, — the 


separation of the equivalent pair of antennas, whicl ceplaces 


direction-finding group) is determined by the forsula 


It is possible to show that the ellipticity of isage is dasigned fros 5 


foravla (see § 8.7) 


A /VIN= 1 T+ 2(N = ‘J cos (ami) — NT 





BUY (N= lt Pe 2 (NV — I) cos (ml) + 4, 
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Liaiting error by value A ¢ 0.1°, ve obtain for the persissible value 
Ami<2-0,1 2,7 N ae Am!<0,02 (FN). 


Thus, when ==, N = 4 requirement Aml<0,08, or 41<0,014 


should be satisfied. 
Page 233. 


Analogously sare determined tolerances to manufactare of the 


lines of time delays in tne antenna conautator. 


Effect of the iissisilarity of the electrical lengths of cables ina 
radio direction finder with the cyclic measurement of phase in high 


frequency. 


We assume usa by the circular antenna of systems with switching . 


of antennas foc istermining bearing. 


The supplementary phase of eaf in one of the antennas Gord 


vill lead to a sinusoidal increment in the phase vith raaplitude 
[1.17] 


. . of m 
Cae sin any | J 
f N t 


4 


where Wis a aeaberc of antennas. 
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Greatest affect an increaent in the phase ¢ exerts itself when 
the sinusoid of an increment in the phasa is shifted 90 aagle on #/2 
relative to the fundasental sinusoid of a change in tha phase with 
the fru uency of commutation. in this case, the bearing accor 
is designed froe the formula 


” a 


tg Suave = OD Anane rap. 
where B = 2wb/A; b - a fadius by the antenna of systen. 


Let Ban ==! and N = 12. Then foc limitation Anan <0,!1° 


aust be 


(am) <6, OY — (Amt) <0,0106. 


Por determining the total instrument error of radio iircection 
finder, it is necassary to accuaulate component instrusent errors. 
Since the component errors have different dependences 30 aziaguth (but 
sowetines and on frequency), mwost it is correct to rata/astimate the 
average quadratic values of component errors and then, aszuaing that 
the errors are iniependent, to calculate total mean sjguac3 ercoc as 


square root of tha sum of the dispersions of component errors. 
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It is natural that of radio direction finder with rotacty antenna by 
systea the corplete instrument error is less than in raiis direction 
finder with motionless antenna by systea. The instrument arror of 
stationary cadio Jirection finder is less than movable or ship 


(aircraft). 


Instrusent acror can be to a certain degree taken into account = 


by the calipbratio: of cadio direction finder (see Chapter 10). 
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Chapter 5. 


EFFECT OF LOCALITY AND ENVIRONMENT. 


Se ie Character of the effect of locality and envirconme2at. 


As it waS sadwn a@atrlier, with the aid of radio dicertion finder 
is determined the orientation of the equiphase surfaces 9€ 
electroma:natic field, emitted by the oriented radio tcansmitter. At 
a great distance from transmitter on the limited sectioi of 
dcrangement/permutation by the antenna of the system of tne radio 
direction finder of the projection of equiphase surfaseas »9n ground, 
that are the consantric circumferences of a large radius #ith center 
at the point of the location of transmitter, are converct2i into 
straight Lines, p2rpendicular to direction in radio station. 


Direction ir the transmitting rudio station, 1.e., lin? If hearing, 
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is determined from tu> perpendicular from center by the antenna of 


system to eguiphase surface. 


Due to influanace of environment with the antenna of the system 
of the rajio dicastion finder of the projection of equiphase 
Surfaces, they ace distorted, and then appears error with direction 
finiing. The jiistortion ot equiphase surfaces and erroc they can be 
caused hy the heteroyeneity of soil and area relief naac by the 
antenna of th2 system of radio direction finder (transition from 
humid soil to dry, from sea to dry land and so forth). Zucthermore, 
the diffecent netallic and current-condusting installatiois and 
object/sud jects (antennas, the locked ducts, hangars, trees, etc.) 
affect the work of radio direction finder, since they cr2ate the 
fields of reradiation, which distort th» orientation of eguiphase 
surfaces and the salling errors and the Jiffuseness of baaring. So 
that the locality and the local installations would not affect the 
antenna system of ground-based raiio dirzction finder, it place, so 
that to the syst2a would not exert effect the heterogeneity of soil 


and relief, and also the current-conducting object/subjasts. 
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In soite of this, the locating at a great distanct2 from radio 


direction findaec (to several kilometers) curcent-conducting ob jects 


~ 
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(structures, ant2ana installations, forest and so forth) ire createl 


in the sum of error with direction finding. Since the pacameters of 


soil, and also the character of the emission/radiatios1 of the distant 


environment can Caange depending on weather, the polarizations of th2 
incident wave and other conditions, effect of distant a3avicaonaent 
does not cemain tlme-constant. Ercors due to the distant anvironment 


are of a candoa caaracter and cannot be taken into account by 


calibrating the cadio direction finder. [hey reduce th2 »2erating 


accuracy of radio direction finder. The greater the separation of 


antennas and is asute/sharper the antenna radiation pattern of the 


system of radio direction finder, the lesser the remota caturn 


emitters it operates on it and the lesser the random ercocs due to 


the effect of the distant environment. 


In cartain cases, for example during tha installatis1 of radio 


direction finiar on ship or aircraft, it is not possible to avoid the 


effect of metallic object/subjects; then they occur 2f t12 ercors, 


considerei with direction finding in the form of the corcections, 


called radio beam deviation. 


5.2. The shore effect 
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If naac radid direction finder passes the shore lin3, which 
separate/lLibecatas sea from dry land (or dry lands from saa), then 
with direction fin¢ing are possible the arrors, called 2rzsors due to 


coastai effect. 


Tha theory of radiowave propagation under these conditions is 
developed by V. Aw Pok, M. As Leontovich, G. A. Greenbarjy and Ye. L. 4 


Peynbery [5.2]. .. 


Usually tran3zition from sea to dry land or vice versa is 
accompanjad by the presence, in the first place, of slop2 of shora 
and, secordly, by a change in the electrical patuweters of mediun 
during the intersaction of shore line. Both these rea3s995 cceate 


errors with direction finding. 
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Total error jue to coastal refraction or the coastal effect 
a™Gn+ ay, 
whera ad is iue so the inequality of sucface (slope), Gn > 
dissimilarity of the electrical paraseters of soil on both sides from 


shore line. 


In the matha2natical analysis of the theory of coastal 
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refraction, are utilized complex bulky conclusions. Lat us give only 


obtained cesults (1.3, 5.2, 5.5)- r: 


Effect of the het@rogeneity of soil. 


Let at point O (Pig. 5.1) above sea is be locatei th2 emitter, 
and at point C above lace - radio direction finder. Lat us connect 
points O and C aai direct axis OX of coordinate system along line Oc. 2 
Let us designate: g - distance from emitter to radio jJircastion 
finijer; 4X, is a oath length above the real; &€ is a distance from C 
to shore line on 2xerpendicular to shore line; 0 - the angle of 
incidence in the wave on shore Line; e and » are the paraseters of 


dry lani (¢ + tha module/modulus of composite dielectric constant, o 


- conductivity). 
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Pig. Sei. Pofraction of radio waves by shore Line. 


Key: (i). Sea. (2), Ory land. 
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Electromagnatic field along the surface of propagation (dry land 
or seas) is characterized by the function of weakening #, which is 
the compl2x guantity, which depends on the parameters of the nediun, 
abcve which is propagated the wave. The aodule/aodulus of this value 
characterizes the decrease of the amplitude of the strength of fieli 
with distance, the argument of the function of weakening ietermines 
the suppl2mentary phase of wave relative to the phase in free space q 


(2"/d r)- a 


If an increment in the phase after the intersection #ith the 
wave of the line »£ shore was constant, not depending on iirection of 4 
propagation, then the lines of equal phases would be ciccunference 
with cent2r at point O of the location of the emittez (dotted line 
Cech on Fig. 5. 1)}.. The Cadio bearing, which is determinei fron 
perpendicular Cn* to the line of equal phases, would coiaczide with 


direction in cadi>d transmitter. 


It is Known that the wave front, which is propagat21 above the 
ideally conductiajy surface (by sea), is perpendicular to this 
surface. Above tha semi-conducting earth/ground the wave front of 


interface it is sloped forward the greater, the lesser th? ground 


conductivity. At a height of several wav2leugths the Jistortion of 
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wave front disapp3ar and it coincides with the sphere, wa'ch has 
center at the point of the location of emitter. Durinj t12 transition 
of the wave theosujgh the shore line, which divides sediuas with 
different conductivity (sea and dry land), the wave froat of surface 
must undergo chaaje fcom the normal to inclined. Simultanzously with 


this occurs an increment in the supplementary phase of th2 function 


of weakening. 


During raiidwave propagation perpendicular to shore Line slope 
deviation in the wave front and an increment in the supplementary 
phase occurs simultaneously on all sectors of the front of wave; tha 
direction of tne Line of the equal phases Cc" will not change. If 
wave intecsects shore line at certain anjle of ote, then the 
individual sectisas of wave front pass from sea to dry land not 
Simultanesusly and an increment in the phase in diffac2at sectors of 
the front of wav2 occurs also not simultaneously, but with the 


intersection by it of shore line. 


Page 239. 


As a result of this the line of the identical phases is iisterted and 


assumes tie form 9£ solid line c*®,c" , (Fiy. 5.1). Perpendicular Cn 


to the line of il2zntical phases does not coincide with direction in 


transmitter. Appears bearing error ‘t» dapending on th2 iicection of 
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the motion of wavs of relatively shore line B® B"™. Wave s22aingiy 
undergone reflaction - its path seemingly stops OB,C. During the 
further aivance of wave with the establishment of the necessary 
Slope/inclination of the electric field above the earth/jrcound, 
occurs phase Compensation in all sectors of the front ani gradually 
is restored the direction of the line of equal phases, pecpendicularc 
to the straight line NC. Thus, on certain distance from shore line 


disappers. 
the error of coastal refraction 


Study of coastal refraction shuwed that the errors of ccastal 


refraction is detected while direction finder is located from shore 
line at a distance, much smaller than 0,318d\e.. 


Furthermore, as this follows from that which was pr2sented, the 
ertor in question must not be observed with cliab of sevacal 


wavelengths. 


In (5-2) 2btained common expression for an erroc froa coastal 
refraction under the following assumptions: plane wave intersects tha 
rectilinear coastal feature of infinite lLenyth: on botn sides from 
this Line of madium, nave the cifferent parameters, the transition 
from one parameter to another occurring smoothly; the wiith of 


transient zone is small in comparison with wavelength. 


Is lerivai a secies of formulas for special cases. 
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Page 240. 


For the case when radio direction finder is located oa iry land far 
beyond the limits of transient zonc and transmission o2cacs from sea, 


is obtained forrula 


ey Rs ae sin (+h\Vi — 25. (6.1) 


Y 2and 


where 





To = st 


ae eo 4 


. (20% 
ip = arc tg Se} 


c - the speed of Light. 


Minus sigjgo bafore the formula deSignates, that th2 liraction of 
propagation after the intersection of shore Line approaches a 
standard. If we interchange the position radio tranosmittac and 


direction finder, than error will become positive. 


Fijguces 5.2 jives nomogras for calculation a, for distances 


from shore line according to perpendicular to it, equal t> & = A/I, Ez 
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= dh and &€ - 5 for two waves 300 and 600 m and for three varieties of 
soils. Th2 pacagaters of soil in this figure are designated in unity 
CGSF. Being given angle of incidence @ and ratio cr/&, rn the 
left-hand2d curcvas finds the point, from which it is n2s2ssary to 
conduct the horizontal line to intersection from one of the vertical 


lines on which is counted off the error. 


The comparison of those who were obtained up to the Jevelopment 
of the theory of the experimental observed data of the ercois of 


coastal effect and theory as a result of the absence df tae 





comprehensive jiata on neasuring conditions is difficult. Jne should, 


RE OM ae 
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however, note that the sign and the order of magnitude? of the 


observel 2arrors will agree well with theory. 
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for calculating error due to coastal affect. 


Nomogjraa 


5. 2e 


Fig. 


Angl2 o€ incidence 9°. 


= (1). 


Key 
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propagation of wave the section of iry lana is 


If daring the 
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‘a 

wi 7 shorter than marine, then angular error is less with dicestion 
. . finding from the ship, than with direction finding fro saore, 

7 Depending on angla of incidence, the error an has approxiagataly 

. semi-circular nature with zero along perpendicular to shoce line. 2 
4. : 
F The errors, analogous to coastal refraction, can bea, also, when 

a , on path of motion wave does not intersect shore line, but ther? are 7 
heterogeneities of the electrical parameters or reli2f of soil. E. 
eb Investigations shyw tnat the small heterogeneities of soil 10 not q 
; manifest themselves by noticeable shape, if observatioas ace 

\ conducted outsid2 the range of the distortion of the phase response . 


of field, and they czn lead to the consiierable disturbanzes of the 
character of field and the bearing errors in the ranges, included by 


these Jistortions. 


The 2lectcical parameters of soil Change with a charze in the 
atmospheric conditions. Therefore the errors, caused by the q 
heterogeneity or the parameters of soil, do not remain tise-constant 
and cannot be considered them during the operation of cadio direction 
finder by the pre-check of radio direction finder. Tn2 value of these 
errors must be restricted by appropriate selection of plaze for the 
installation of cadio direction finder. Before its jiastallation it is 
necesSary to invastijgate the parameters of soil of area oy a radius, 


by the approximately equal to 1/3-1 maxinum wavelengths of direction 
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finding, around site of installaticn by the antenna 9f th2 system of 
fadio direction finder. Site of installation can he consijered 
Satisfactory, if the spread of ground conductivity within the lisits 


of the mentioned area is small. 


Is experimentally establish/installad the linear jJ2pandence 
between the fluctuations of earth conductivity and the mean error of 
Spaced-antenna direction finder. During the fluctuatiaas df specific 
conductivity 1-4 in a radius 100-120 m, the maximum beariag arror on 


short wavas has value +19, 


Sepatately sast be checked ground conductivity jic2acstly in the 
Sites of installation of masts, since the dissimilarity of soil under 
Masts causes the Jlissimilarity of the elactrical parasatacs of the 


antennas andi instrument errors at direction finding. 


Page 242. 


The matalliazatioa of soil in site of installation by the antenna of 
System of radio direction finder, Reamer by means of the Laying of 
wite gauz2 (se2 § 6.2), it leads to the fact that the dissimilarity 


of ground conductivity under grid manifests itself to much smaller 


deyree. 
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Effect of the inaquality of soil. 


It is assumai, that along the rectilinear shore of infinite 


length is a slope with constant ‘ate of rise. 


Let us designate: yp - the rate of rise of slope in its central 
pact; i i 2xtent o£ slope; ¢, - the maximum value of lift; &€ is « 
distance on parcpaadicular to shore line from ovservation poirt to 
shore line, fcom observation point to the shore line where the slope 
begins; & has minus sign, if observation point is located in front of 
Slope (at sea), 314 plus sign, if observation point is loztatei behind 


Slope (on the shore). 


On Pig. 5.3, is represented the section by the vertical plane of 
the medium above which are propagated the radio waves, intersecting 


shore line. 


Pijguces 5.4 jives the curve/graphs of the maximua errors of 
dir :ction finding @ {into rad), which are obtained, when wave 
intersects the slope, which is pulled along the rectilinaar coastal 


feature of infinite length- Errors are given depending 91 6 for the 
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different mé, for the case nent, (m="). 





Fig- 5.3. Air€osit/prafile of mediua during the intersection of shore 


line. 


Keys (1). Air. (2). Shore line. (3). Dry land. (4). Sea. 
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From the cucves Pig. 5.4 it is evident that at equidistance froa 
aope the error when direction finder is located in front of slope at 
sea (m£& nagativa), is approximately two times more than when 


girection fCindec £8 Located behind slope on dry land (mé& positive). 


Por example, with distance & = X/2", 8 = 45° ani yy = 062 = 129 
error of a, = 2-3? in front of slope and a, = 1-12.59 under the sane 
conditions is benind of slope. Ercor increases with an increase of 


the wavelength aaj depending on @ haS quadratic character for mf > 


i 
' 

é 
L 
i 
} 
3 
£ 





DOC = 772232%2 PAGE 77 bay 


-1.5; for m&é < -1.5 dep2ndence of error on @ becones adc? cu aplex 


(Pig. 5.4). 


It is éxpartaentaLy: . stablish/installed that the ercocs of 
coastal effect most powerfully are developed of the waves with a 
length of 500-109) m. on the waves, greater than 3000 m, they are 
less than 1°. On wave 500 m in several meters of shore, is observed 
the error at @ = 70° into 3-46°%. During the elongation 2f wave from 
500 ¢o 2690 m the error decreases from 3.2° to 1.49. Jn the Short 
waves of 2rcror from coastal effect, they decrease, but thay are not 


systematized, on VHP there are not. 


Calculations and practical data show that the radio bearing, 
which undergoes coastal effect, is sufficiently flowed, if 
electromajnetic wave intersects shore at an angle, greater than 20° 


(@< 70°), ani if distance YX, on the path of propagation from shore 


line to diraction finder i8 more than one or several wavas. 
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Fig. 5.4. Errocs 9f relief. 
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Por coastal radio beacons and radio direction finiers on charts, 
they usually note the zone of reliable direction finiiajg, within 
limits of which it is possible to rely on a small manifestation of 


coastal effects. 


523. Effect of tha adjacent object/subjects on radio direction 


finder. 
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Effect on th2 dicection finding of the metallic objecst/subjects 


of those located near by the antenna of the system of cadio direction 


saab wc ces 


finder, manifests itself in the Eact that can appear the bearing 
errors and sometiaes diffuseness in its reading (blucciany the minigua 
of audibility in auditory radio direction finder, appeacance on the 
cathode-ray tube of the two-channel automatic direction finder of 


ellipse instead of the line and so forth. 


Is explained tnis as follows. The incoming electronajgnetic wave 
induces emf in the metallic object/subjects, located neac by the 
antenna of th2 system of radio direction finder. Thesa anf's create 
in metallic object/subjects, the currents which form thaic 
electromagnetics fields, called the fields ot reradiation. The latter 
Operate on the antenna system of radio dir2ction finiec together with 


ground field of transmitter. 


The 2mf indused with the field of return emitter, it is possible 
to decompose on t¥o components - that cophasal with aaf, induced with 
ground fizld, ani differing from it in phase in w/2. The first of 


them creates arroc with dicection finding, the second causes in 


essence the diffuseness of reading. Emf from the fieli 9f 
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reradiation, whisa is characterized by in phase in w/2 from emf cf 
ground field, it is possible to compensate for the sama aaans which 
are applied for the compensation for emf from antenna effect, which 
differs in phase in +/2 from emf of the iirected systaa (§ 4.3). If 
this compensation is realized, then remains the action only of one 
field component of reradiation, cophasal with ground fieli and which 


creates only ercoc with direction finding. 


Page 245. 


If ian frase cadio direction finder for determining one-sided 
bearing (sije of radio station) is utilized the superposition method 
of the diagram of the reception/procedur2 of the omnijiicaztionai 
antenna on the diagram of the reception/procedure of the framework, 
then the field of reradiation can lead to the incorrast caading of 
side. The reason for this consists in the fact that in the near zone 
of reradiation is disrupted phase relationship of majnetis component 
of electromagnetis field, which operates on the framework, and by tha 


electrical componant, which operates on antenna. 


Let us examine in more detail the astion of the fiali of 
reradiation on raiio direction finder with cosinusoidal directional 


characteristic. Por simplicity we assume that as by the antenna of 


system is usei th2 rotatable loop or the pair of the spaced antennas 
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(Fig. 5.5). 


To the rotatable loop of cadio direction finder \R with effective 
height hy at an angle p the initial ref2rence line 99, approaches 
the electromajnetic vave of transmitter (ground field)| with intensity 
2 and with normal polarization (vector E in the vwertichl plane of 
propagation). 

The phase of field let us count off relative to aoat Re At 
point A at an anjle 4 to initial reference line at a distance d 
from the center of the framework, is located retucn aaittar with 
effective height om by resistor/resistance Z,,—=zoye”" and by 
directional characteristic P (0), 6), wh2re 99) is an aagla of the 
direction of the maximum of radiation pattern of return emittar with 
initial reference line, that characterizas the ofientatio1 of return 
emitter, 9 - the angle of any direction in question with the 
direction of initial ceference line. We assume that the angle of the 


slope of a front of wave § = 0. 


In return emitter it is induced by 2nf 


Foy == E MonF (4g He) e/*. 
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Pig 5.55. Action 9€ return emitter. 


Key: (1). diffacence in the path. 
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In expression for directional characteristic instead of the angle 


ep deded: 
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x is introduced the angle | s=p—y between directions in tae orientei 4 
: re station ani in return emitter from the location of the 3 

> framework of cadio direction finder; a phase differens2? 4, is caused 

* by the character »f emitter (locked, extended), by the location of 

z return amitter ralLatively by the antenna of the system of radio e 

4 


direction finder and by direction of propagation. 


2 When ground field has direction of propagation p = y + w/2, then 

. a phase difference #, = 2, depends only on the charastec of return 3 
: enitter. 4 
4 


For any dirastion p'3h + w/2 (Pig. 5.5) 


} 91 = d cos}, + Me, 


where J = AP iS a distance between the return emitter and the antenna 


the system of cadio direction finder. 


Current in raturn emitter !. 


E honF (8, 4) e! (Geto) oe ef (ft), 


Bie 
loz =e 


oe 


FOOTNOTE 1. In tna case of nonuniform distribution of curcent along 


return emitter how Zon, Fon and Jon they are celated to maximun 


current in return emitter. ENDFOOTNOTE. 
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tes 


Return emittar creates in the location of the frasework of radio 
direction finder its field of reradiation, we assume that with the 
normal polarization 

Eon = al onF (Oy, $) e™ = Alon mF (By, y) el FFP"; 
the supplementary phase #3 depends on the alignment of tha return 
{ emitter and framawork of radio direction finder and on th2 character 


of return emitter. If d < < dk, then 3 = @39 18 deteceinal by the 


—s mettedmusdl a 2 + cues infant a chilbitied 2 ies sea tase, fedkt bee ces aided? 2 er Sagas SS eag e h Ai aa al 


character of return emitter. 


q 

Por any direction whether large 4 (Fig. 5.5) 3 

4 

Qn j 

A= I+ Pe. “ 

3 

‘ : 
a 

Page 247. 

We can weita for an electrical component electromagnetic field ; 

7 

of the return emitter | ; ; he : 

Eon = Eon me!* == Eon m COS @ + fEogmSin P= E’ou + jE a r 

(5.2) : 

" where Eou m= kE; 
3 
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roe AhonF (Vy, be) & (8. 4), 


Zon 


P=F, ++: (5.4) 


Piell] compoiant of réturn emitter, cophasal with the field of 


transmitter, will be 


Z E’ou = k Ecos 9. (5.5) 


Pi2li coapoiant of return emitter, which differs in phase on w/2 
from the field of transmitter, is expressed 
E" on = k Esin 9. (5.6) 
The €irse coaponent is led ts bearing error, the second 
component causes mainly diffuseness in tne reading of bearing. With » 


= 0 or = mw occucs the maximum of error. 
For ceseacch on the effect of return c:itter, it is recessary to 
determines its field Eo. ise. to find values of k and @ fsee (5.3) ani 


(5.4) }. 


Coefficient k depends on form and the alignment of return 
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emitter, ani als> on the ratio of its natural frequency to the 
frequency of transmitter. Phase # depends on the chacrast2ac of emitter 
and its rasistor/cesistance, determined by the ratio of tae natural 
frequency of emitter to the trequency of direction finding (component 
phases ¢, ¢ 29 + %39), and also on the autual locatisda dF returd 7 
emitter and by tha antenna of the system of radio dic2ctioan finder “e. 


(2 ¢ 3 - aq ~ &309)- This phase difference is equal to 2wd/d (1 + ») 


cos Wa) - 
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If acound by the antenna of the system of radio jJiczstion finder 
are several retura emitters, then for deteraining theic action it is 
necessary for the location of the directional antenna of radio 
direction finier to accumulate the fields of all return erittercs 


taking into account their mutual phases. 


Since the phases of the fields of emitters in tha yaiaeral case 
depend on the dicaction of the arrival of ground field, to store/add 
up the fields of ceturn emitters is necessary for each separate 
direction. According to the characteristics of the total field of ali 


return ewitters for each direction, are designed the error and the 


diffuseness of bearing. 
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Let us find axpression for a beariny error in the geanerai case. a 
Let the standacd to the plane of the franework fora anjgl2 9 with : 

initial reference line. If in radio direction finder i3 19t provided 
the compensation for antenna effects, then within the framework of E : 
radio direction finder it is induced by 2af E 

E, = EA, [sin (p — 9) + k cos p sin (y — 9) + 
+jksingsin(y - 6}. (5.7) 

The amplitude of stress E, is determined by the foreula . 
E,.= - 


= / [sin (p—)-+-k cos @ sin (p—Y)]® + 'k sin ¢ sin (y-—8)]* EA,.. 
(5.8) 


Emf within the framework is equai to zero not at which values of 4 
angle @ Bearing is counted off on the minimum of audibdility. For 
determining the value of beariny @ = g with which occurs the mnininun J 


of the audibility of radio station, one should equate zec> darivative 


dE, 
“do * 
Instead of E£, we examine the expression, proportiosaal E&,: 
G= |/Isin (p—) +k cos ? sin (y—)]* + [k Sin # sin (p—6)j? 
(5.9) 
or 
Gt=sin’(p — 9) + k* sin? (v — 6) + 
-+ 2k cos ¢ sin (p — 8) sin (py — 8). (5.10) 
Page 249, 


Let us equate zeco derivative of 3? in tarms of 6 and is 


Simultaneously considered, what on the nininun @ = g 1219 - 6 =p - . 
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q = f is a correction to radio bearing °, 


EGY == 2 sin f cos f +2k' sin (y — p+ feos (py —P +f) + 


+ 2k cos g sin f cos(y— P+ f) + 
+ 2k cos 9 cos /sinyp ~ p+ f)=0, 


whence correction to bearing £ is determined by the expr2ssion = 


2k cos y sin $y + kisin 2b _ 5.11 a 
tg 2F = To yicos pcos te + kt cos 2,” a 3 


FOOTNOTE !. With axaaination of the effect of return emitters, we 
speak about corrastiyn to bearing, as is customary in the theory of 
deViation. Bearing error has a sign, reverse/inverse t2 the sign of 
correction. Subs2quently for the calculation of errors, #2 use the 


formulas, obtainai for corrections. ENDFOOTNOTE. 


Angi2 7 at wrich is counted off the bearing, is detarmined py E 
: 


the formula 


t es, sin 2p + 2k cos ysin(p + 4) + k'sin 24 
g2q= COS 2p + 2k cos y cos (p + $) + k* cos 24 


At the low value of k, the correction will be 


frtgf=ksin $,Cos@. (5.12) 


When k > > t, is oriented actually return emitter. fhe 
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calculated bearinj independent of a change in the angle of radio 
station p» reaains constant and equal to ¥ Bearing Javiation 
f=p-—y= 
When k = 1, deviation from axpression (5.11) is sbtained equal 


by f = Yo72 or f = w/2 + Wo/2. 


Formulas (52.171) and (5.12) are used also for goniometric and 


two-channel systems. 


keom expression (5.12) it follows that if the phas2 of field of 
return emitter @ artificially is changed from 0 to 2w, then bearing 


error varias fron maxiuum positive to maximum negative value. 
Page 750. 


Therefore the designed during this artificial change in the phase 
difference # avecage/mean bearing has an eiror the lessec, than more 


frequent they ar2 taken readings anc than less k. 


The imposition of the images of beacinys on the cathode-ray tube 
of two-channel automatic or Single-channel with the revolving 
goniomet2r radio lirection finder during special change from 0 to 2s 


of the relative paases of fields of fundamental and cerailiations 


makes it possible to recognize at multiple-pronged field pearings for 
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separate enission/radiations (5.15, 10.4}. Is explained this by 
following. In two-channel radio direction finder with direction 
finding two- and »9f triradial field, the ellipses of tha imayes of 
separat2 bearings duriny an artificial change in phase relationship 
of fields form pacallelogram or the parallelepiped whose sides 
corresponi to beacings to separate field component. In single-channel 
radio direction finder with the revolving goniometer, the total 
output potentials of receiver during a change in the calative phase 
differenc2 of fields from 0 to 2" have the nonmoved minimums, which 


determine bearinjys to field component. 


Utilizing tais property, in VHF frange it is possible to achieve 
a decrease in the errors from return emitters, revolving antenna 
system with cosinusoidal dicectional characteristic in ciccumference 
with the radius, 2qual to wavelength or large it, and counting off 
averaged bearing 5.13]. In the range of short waves, it is suggested 
to obtain the images of bearings simultaneously in the fields of 
fundamental and catucn emitters by applisation/use s2vacal spread in 
the distance, coanensurahle with wavelength, automatic two-channel 
radio direction finiers. These radio direction finders have the 
common/gereral/total indicator cathode-ray tube on whisn is obtained 
the parallelograa, which characterizes the directions of both fields 


(10.4). 
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; 

i{ a When a phase difference # = 09 or @ = w, from (5.171) follows 

ae ie 

that 

: tg 2p ax 2k sins, + ke sin 26, 

a 1+ k¥cos 2h, £ 2kcose, 3 
‘ a + ksing 

e; f— sin ; 

; 8! = TE teong (5.13) 

ee 

a Page 251. 

, Sign (+) corresponds to a phase differense 0°, sign (-) corresponds 
to a phase diffecance fw. 


: If we into formula (5.12) substituta ‘to =q+f -W, then ve 
will obtain 
sin f =k sin (q — ) cos 9, (5.14) 


where q 15 a radid-course angle (counted off bearing). 


Formula (5.14) can be obtained directly from coniition for the 


reading of the bearing: 


— 


{Esin(p — 6) + E’ousin (Y — 9)] h, =0. (5.15) 
Por @ = 0 ani # = » maximua value of error occurs when cos (p - ») 
= ke 1. Cee pry = ‘Yo Z 2 


tg fuane = ee 


If 6 = w/2, From bearing Mor on the basis of formula (5.11) 
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will be 
k! sin 2b, q 


In this case the saxiauea of the error is obtained with cos 2% 


' 
bow 
nN 

a 


or 4, ~ 2/4 


lfuancl =F aa (5.17) 





Maxizum deviation for k < 1 has auch smaller value when's = 4£/2, 


than with @ = 0 of © = wf, 
Page 252. 


The 2xamiaei cases of constant phase displacement # = 0, @ = w/2 
and ¢ = w indepenient of direction p are possible, if d/\se < < 1, 
iee., tainly on average/mean and long waves. Phase displasemant » = 9 
corresponis also to the presence in the cadio direction finder of 


elements of the compensation for antenna effects. 


In the general case the expression for the diffusaaass of the 3 
minimum of A/B {calation of the semi-axes of the ellipse of the fiela 
Of goniomster or the ellipse of the image of bearing on the 
cathode-ray tube of two-channel radio direction findac) i3 bulky. 


When, = 90°, i.a., direction in return emitter cospos2s 90° with 


direction in radid station, then of (5.7) we will obtain 
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4 JEL yippee 
In the casa of k ¢ 1 
$= Tp orenk 
when @ = w/2 
Faksin ge. 


With transition from cosinusdidal antenna radiation pattern of 
the system of the radio direction finder to of acute/snacper error 
due to tha effect of the fields of reradiation they daccaase. This 
decrease the greater, the acute/sharper the radiation pattern, i.e., 


is more the sepacation of antennas. 
Page 253. 


if the separation between antennas 2b such, that it cannot be countel 
2evb/rx < < 1 and direction finding is conducted on tha ainimum, then 


bearing error at any value # is determined from the equality 


sin (+ sin f)+k cos 9 sin [= sin (‘++ | =0 


or approximately, at the low values of €, 


d 
) 
i 
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k cos gain om in t.) 
sin | ms i =s 


eal I + k cos gtos ¢, cos (F ain t) | ne 


With @ = 0 or @ = w# 


; + kein (= sin ») 
sinf = TET gveorvecos ane) | (5.19') 


Sign (+) in (5.19) corresponds to a phase diffareance between E 
and Eu, # = 0, siyjn (-) corresponis @ = we. For the low vzLues of k, 


formula (5.19) is simplified: 


f= ZF ein [ 2°. sin (p— |. (5.20) 
ea 


Pornula (5.19) is obtained on the assumption that tha action of 
the nonphase fieli of return emitter is compensated for. £f the 
compensation fcr nonphase field is absent and the raaiing of bearing 
is realizad in tha mininum of audibility or along the transverse of 
tne imaye of bearing on the screen of th2 cathode-ray tuba of 


twoechann3l radio direction finder, then error is determined by the 


expression 


4 
q 
a 
j 
4 
4 
x 
g 
3 
3 
4 
q 
4 
| 
a 
a 
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ad 


: k sin (> sin ts) [cos + 4 
sin f =~ Sy] SET" nO eee 4 
ral +k’ cos? (7 sin +.) cost}, 


+ k cos (F sin ts) cos ‘| 











a nb . : 4 
+ 2k cos 4, cos (F sin + cos | s 
b Por @ = 0 aii ¢@ = w is obtained the formula (5.19"). 
\ 3 
: For ¢ = w#f2 F 
i = A : 2 . 
ot pin = > k* 55 sin (2 FPsin gs jcos 
| 
| 
rh as 
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ty Page 254. 

oul : 
| _ 
LA The value of error considerably decfeases and its sicimum is $ 
. a 

“3 Observed when Yo ~ gp rad. . With a small separation of 

. | 

: F antennas, the expression for an error coincides with (5.16). 

: On Fig. 5.6, are depicted the errors due to the effact of retura 


emitter of systez of two omnidirectional spaced antennas depending on 


the anole between directions in return emitter and grouni field 
Ye=p~y 
f\ with k = 0.5 and different 2b/d. 
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Fig. 5.6. Ercocs iue to the effect of return emitter (k = 0.5): 1 - 
cosinusoijal cnacacteristic @ = 09; 2 ~ cosinusoidal characteristic +r 


= 180°; 3 - 2b/rx = 1, ¢ = 0; 4 = 2b/rX = 2, % = 03; 5 - VHA = 3, 


Page 255. 


It saould ba noted that the differential radiation pattern of 
two spaced antennas With the large separation of antennas (2b/r > 1) 
has several lug/lobes of identical amplitude (number of lug/lobes it 


is determined by ralation 2b/rA). Curves are given only within the 


limits of one luc/lobve of radiation pattarn with # = 0 (carved 3, 4, 





antenna of systems with cosinusoidal directional charactacistic with @ 








a 
A 
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5). For a comparison are plotted/applied also the errors for by the 
= 0 and @ = w (curved 1 and 2). 


On Pig. 5.7, are represented the maximum errors ([uaxcJiue to the 4 
effect of return 2mitter depending on the separation of antennas 2b/r 


with k = 0.5. 


Let us calculate the error of the effect of return emitter on a 
the antenna system of radio direction finder with cyclic seasurement 


of phase in high frequency. 


Let us suppose that then on the antenna, rotated on cadius b 
(Separation of antenna 2b) with frequency 9, operates jcoand field E 
with the angle of the slope of a front of wave f, and the field of 
return emitter kEe*? under angle P— Y=" to ground field in 


horizontal plane and with the angle of the slope of a froat of wave 


B2- 
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Fig. 5.7. Depend2ice of maximum errors on the separation by the 


antenna of system. 


Key: (1). deg. 


Page 256. 
Let us desigaate 
= cus 3, = 8, xa cos 3, = 4,. (5.21) 


We assume that the reading of the phase of frequeacy @ is 


conducted froma th2 direction of the arrival of ground field E. 


Induzed in antenna eaf will be 


E =EhA [e/*so" ies kel%e/heo (8/—¢e) | 
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or, after designating Qt = @, we will obtain 


BSE (itt peli Oomit ey (5.22) 


From expression (5.22) follows that emf in antenna is equal to 

the sum of two vactors with phase angles a, = 6, cos @ ani a, = 6, a 
cos(é—y,)+ ® ani with the amplitude ratio, egual to k (line OA and AB 
to Pig. 5.8). The total vector OB deviates on phase to angle ¢ from _ 
vector OA, which corresponds to emf of ground field, moreover 

ksin(ay—a,) e 
1+ kcos(a,—a,) _. 
=k sin (a, —a,) [1 — kcos(a,—a,)4+...J—= 
=ksin(a,—a,)—*'sin2(a,—a,)+... (5.23) 


tgea l= 


Since 
dy —- a, = 8, Cos (8 —- Ho) + 9 — 8, cos B= 6, C08 0. C08 He + 
+28,sin 6sin y, — 8, cos0-+ e=asin(6—y)+F, F 
where and 
wouffs#aevUUDAR A. é,—8 
a=Vt +8; — 28,5, Cos Yo Qe = yt te (5.24) 


of (5.23) follows that 
€=ksin [a sin(6— x) + 4; — = sin 2 [a sin (0O—7)-+-9]-+-... q 
== k {cos @ sin [a sin (9 — 7)] + sin 9 cos [a sin (4 — ¥)}} + 4 

+ +2 (cos 29 sin [2a sin() — x)]-+sin 2p cos [2a sin (A—z)]} +... 


i 
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Fig. 5.8. Vector jiayjyram of emf under the effect of tha field of 


ali Vian 


2 reradiation. 
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It is decomposed ¢ in Pouriec-Bessel's series in argument 6 and ~ 
is isolated the tarm ¢, of fundamental frequency 9, since this 
component affects the measurement of the resulting phase ducing the 
determination of the bearing: 

kw? lees 
= 2k cos 94, (a) — cos 2pJ, (2a) | sin (0 — x) = 
=ssin(6—y), 


where 


s==2 [keos (a) — ** cos 29/, (2a)]. 3 


The cesultiny phase during measurem2nt will be 


Lg a 
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a=a,-+C, =6,cosé+ssin()—y) = 
= 6, cos 0+ s sin @cos x — scos0sin y= 


= V3 + s* — 28,s sin y cos (6 — f), 


tgiz ere (5.25) 


ia where f - correction to bearing, in abSolute value is equal to 


bearing error. 


Formula (5.25) is simplified, if 6; = 62 = 5, i.e, when 8, = Bz 


Page 258. 


In this case, a==2sin-&, tgz=te and y= 


a\k cos yl, (29 sin =) 
Wl Wn 
a—2| 11 (28sinF j cosy — 


2 { ve \i b 
= Le cos 2p/,( 44sIn =~ | cos =~ 
fe 2 2/1 2 * 
Tey Ga ee ee ae (9,26) 

Sah (ssn) cos 2;} sin “97 


When k << 1, it is possible to be restricted to the first terms 


in numerator and Jenoninator (5.26). Then value f will be 
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¥ + 
2k Cos ¢ cos = fy (zaain +) 


i=) 


This exprassion is analoyous (with 5.20). After substituting in 
(5.27) values % and 6, we will obtain 


p—y¥ re: Cae 
2heoe yeor (= rt) + Elba a (5.97") 


FF cor f 








[= 


With a small raiius of gyration of antenna b (low value 2b) 6-) 


0 and limf—=kcos7sin(p— 7) aesult is analogous to formula (5.12). 
3-00 


On Pige 529, 183 depicted the dependence of the absolute value of 
the maximus erroc f »9f system frow Separation (radius of a circle of 


Rn 
the rotation of antenna). It is accepted that kK = 0.5, B = O, te> o° 


In phase cajlio direction firde: of two motionless antennas, the 
bearing error, as this follows from (5.22), is designel from the 


formula 


ae a 2k cos 9 sin (3, sin — 8, sin 4) + 
es 3, tS tg 12k Cosy cos (4, sin 9 —4, singy+ 
+k' sin [2(4, sin f— 3, sin tif 
+ k¥cos [2 (3, sin 9—3, sinvy' 


where @ iS an angle of direction in radio station with prcpendiculac 


to lines, that coanects ontennas. 


Pee ane 





poc = 77223213 PAGE bY 
Page 259. 


When @ = 0, 6, = 85 = 6 = 2e/rX b cos $, then 
he 2h cos ¢ sin(? sings) + k® sin (28 sin ¥,) 
| i 28 arc tg t+2k cos pcos (5 sin ve) + k* cos (28 sin 4.) 
If in this casey= sand @= 0, then ve will obtain the value of the 


maximum deviation 





1 — 2k sind + k? sin 28 
= ar ——— 
If|uane wo cle [—shcorsc bears 


}: 
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Pig. 5.9. Dependence of the maximum errors of system with the cyclic 7 
ta z 
q 

measurement of phase from the separation of system (with k = 0.5). 

if 
Page 260. 
At the Low Values of k and @ = 0 error function of phase radio 
direction finiar o£ two motionless antennas approximately corresponds 
to system of two spaced antennas of amplitude radio diraction finder 
. (5.19). 
Under actual conditions for the antenna system of radio % 


direction finder, operate the return emitters, arranje/locatei in 


different dJiractioyns also at different distances from by the antenna . 
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of systen. 


Suscaptibility by the antenna of the system of cadio direction 
finder to the effect of return emitters it is possibla t9 


characterize by 2ean square error % or idle time by mean error A 


from the 2ffect sf the return emitters, evenly arrange/located arouni 


by the antenna of systen. 


It is assumei that of return emitters the field E,, coincides in 


the phase with ground field E in center as the antenna of system ani 


has the constant intensity/strength, which is characterizad by 


relation =p =0,1. a€ the cetucn emitter, arrange/locatad at an 


angle y, to the direction of ia field, creates ercoc A, then 


2s 2a 


mi foaen ama fioien (5.28) 
0 


Let uS calculate % for by the antenna of the syster, 


eguivalent to two spaced antennas with sa2paration 2b at waose reading 


of bearinjy is realized on the minimum of directional characteristic. 


We will use for calculation 4 by formula (5.20). Let us Jasignate 


27/ys = me. Then with @ = 0 
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cme 


=r (sas) sin® (mb sit Ys) do = 


- ect, 


mb 


t, 


=+(ar) | {1 —J, (2b). (5.29) 


With k 


] 
o 
e 
—_ 


VY2m6 


0, -§ : ee ns aes 
Oy = [A Vi=T, (Omb) |= SP 1 —T, mb), au 


Page 261. 


Por the ant2ana system with cosinusoidal directional 


characteristic, which has 


Je (2mb) = 1— y 
2nd bd 
1 and 2 
= < Ogg, <= 4,05°. 


Relation of the ma2an square errors of the lafyger-base ini 
cosinusoiial systaas 


ew  Vi--7, (amb) 
Se (5.30) 
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On Fig. 5.1), are yiven to the dependence ~~~ on the separation 
of antennas for a radio direction finder of two spaced aatennas with 
the reading of bearing on the minimum (curved 1), and also of two 


diverse coaxial framework (curved 2). 





aa 


ne eel ae ee ee 


aU oe gtk 


. ee i 


poc = 77223213 pace ~2o. U4 q 








Bi. oe 
: of Ee H 
r J 
& A: 007} 7 
Ue ee ; 
Fe ae 0.0 ERED RES ney Oi PR Ge 8 A Re 
fo 00% 2 


] s 


° ol O2 030805070 2 3 65 7 1058 


bok 


Fiy. 5.10. Denaniance of the root mean syguare values of local errors 


Pe ie al 


from the separation of the antennas: 1 ~- for two spaced aratennas; 2 - 
for two diverse framework; 3 - for a system with the cyclic 


measurement of paase. 


Page 262. 


i From Fig. 5-10, it is evident that with an increase in the 
separation of antennas to 2b = (3-4) A the mean Squar? ecrtor Ty 
decreases 10 - 15 times in comparison with error oun. for sy the 


antenna of system with the cosinusoidal characteristic of 


E 
F 
t 
4 
f 
+ 
. 
E 
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directivity. With a further increase in the separation it 


i) | 
decreases more slowly and with 2b = 10 »¥ it decreases 2 asre times. 
If one consijers that the large minor lobes, which there ace at i 
the radiation pattern of two spaced antennas when 2b/A > 1, in a 
reality are suppt2ssed in systen with acute/sharp directional 
A characteristic, then in system with large separation a decrease in : 


the errocs due t) return emitters must be larger than in Pig. 5.10. 


Por a cadio jirection finder with tae cyclic measuc2aent of 
phase in high fraguency, the calculation of mean Square error from 
the effect of the return emitters, evenly arrange/locatei around by a 
the antenna of system, is difficult. For calculation iile tine of : 


mean error we will use expression (5.27) 
By = Mamt (Leos Hy (26sin $)/d4,. (5:31) 
a 


Let us replace of variable 28sin 4 =x: 


28 

yf. a 

“PY LL (x) dar == AY HJ, (26) 1) + 
0 


A 2 
By = 2 hoot 


H2Y (= 1) (2p. (5.32) 


k=l 


Since J, (x) - sign-changing function, antegratioa iz conducted 
1 


between values #, by corresponding n to zero J,y(xj~ Senaral solution 
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is equal to the sue of the indicated particular integrals. With small 


5 
I-=Jy (28) =O? 


and 


By = k cos, (5.32) . . -? 


which coincides with formula for two spaced antennas with a spall 


separation of antannas. 


Page 263. 


To Pig. 5213 (curved 3) are plotted/applied also obtsined by 
numerical integration of the relation of the mean squar2 2rrors of 
systems with the syclic measurement of the pnase ia high frequency 


and cosinusoidal derending on separation 2b/dr [5.172]. 


It is possible to obtain expression for an error o« for a radio 
direction finder with the reading of bearing from maxiavra, if we, roc 
example, to assuna that the radiation pattern of antenna system has 


one lug/lobe wath a width of By,, during a decrease in th2 power of 


signal 2 times {5.12}. a 
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Within tha Limits of lug/lobe, accepted expression for 


directional characteristic sy 
F(@)=sin (sg), 


of the outside lisits of lug/lobe of characteristic are assumed zero 


values. 


Mean sguare arror will be 





6, = 1,45B'5, deg 


0.8! 


where Bo,5 1S expcessed in radians. . 


Te Fig. 5.11, is given the dependenze ~*- on tha wiith of 


SEO FITTS AE ITE I ORR! TINT TN 
a 


lug/lobe By, s.- On the axis of abscissas, are plotted/applied also the 
approx’mate values of ratio 2b/d, designed from the assuaption that 


the lug/lobe 9f£ jirectional characteristic is createi xy two spaced 


SX 


ant. nnas. 


Se-4. Types of return emitters. 
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"1 
) 
Nf 
i 2 
r In §§ 5.5 a11 5.5 it is examined the effece of the return 
: emitters of two types: 
: | 
: - analogous to antennas, i.e., the 2longated emittacs in which y 
a Z one sizea/iimension many times is be greater the size/dimensions of : 
t. ¢ 
; section; 
: - in the fora of duct-framework from wires (lLock21 1act, open 
be 
Ai 


circuit). 3 


dnvercse-axciter can it is located on very close distance from by 
the antenna of th2 system of cadio direction finder, for exasgple 
Under conditions of ship and aircraft, and at large iistances - under re 
Conditions of th. ground-based installation of radio direstion 
finier. Tne methoi of the examination of antennas is different for 
both cases. In the first case it is necessary to proc22i from the 
near fieli of antanna taking into account induction fieli. In the 


second case affects only the radiation field. 


: Page 265. 
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The action of inversely-radiating circuit (framework) can be 
observed aboacd saip and on aircraft, and also in ground-based radio 
direction finder. In § 5.6 it is examined the effect of duct in ship 
radio direction finder. Lt is assumed, that the size/iiaeasions of 
duct are less than the wavelength. If the size/dimensions of duct are 
commensurable with wavelength and it is more than it, ther the effect 
of this Juct can be considered as cuaulative effect of its sides 


[5.10]. 


To azcount for the effect of the conducting object/subjects, all 
three size/dimensions of which of one order are commensucable with a 
wavelength (metallic installations, mountains, buildinys), one ought .* 
Not to iave solved the problems of wave 4iffraction for the different 
cases of practice. These questions are insufficiently jiave2loped. In § 
5.7 is given only one such case - application/suse of th2aory of 
diffraction on tn2 calculation of the deviation, caused by the 


metallic body of ship and aircraft. 


5.5. Action of tna antenna, located near radio direction finder. 


Antenna is arcanja/located in iammediate proximity of cajio jirection 


finder. 








' 
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i; 
¥ To tne framework of radio direction finder at an angle of p the : 
bad center-line plana of ship, approaches the electromagnetic wave with 
ae the intensity/stcangth of electric field E and with normal 
&. 
Pa polarization. 


t : At certain distance from the framework, is arranja/lLocated the 
2 vertical inverse-exiter A. The angle between the direction ¥ 
"framework-antarnaa"” and the center-line plane of ship let us 3 


designate by (Pig. 5.5). 4 


Earlier w2 were obtained for the deviation, caused by return 


-~ 


emitter, expressions (5.14) in the case when thele is soapensation 


for antenna effectc !, and (5.11) in the caSe when the sompensation a 


for antenna effects is absent. 


POOTNOTE '. The 3€fect of compensative antenna (§ 7.12) it is not 


| considerei. ENDFOOTNOTE. 


For invecse-exiter, which is the nondirectional syst2a, 


F (Oo. P) =F (%, Ye) == 1, Rom = Ma, Zom = 2q. Pre =O. 
P=P, 4% et pd (1 — cos Hy). 
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5 From (5.3) it follows that 
k k= "2+ const 
: 
‘ 7 indeo2ndent of p and 9. Therefore formulas (5.11) and (5.174) cetain 
e 
. their form without any changes, 
3 From (5.74) Follows that 5 
j sinf =kcos¢cos y sing — k cos ¢ Sin Cos g. 
Let #@ Joes axt depend on q. 
k 
For small daviations we ceplace sin f on f: 
f=Bsing+Ccos q, (5.33) s 
nee Bekcosg cosy, C=—kcos¢@ sin y. 


Thus when in radio direction tinder is compensation for antenna 
effects or the field of antenna coincides in phase witn yeound field, 
the vertical invacse-exiter creates the semicircular deviation with ; 


coefficients g and C. 


Tha signs of the coefficients depend on p, deen on the location 
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of antenra relative to the framework. 


The signs of coefficients B and C are represented on Fig. 


5. 12. 


When in radi» direction finder there is no equipmant/device for 
the conpensation For antenna effects, deviation is determined by 


formula (5.11), 


The cepresentation of how changes in this case d2viation 
depending on the ztharacter of antenna resistance, gives Fig. 5.13a. 
On it is depicted dependence of f£ on p for different valuas #, from 0 
to 1809 when k=0,5, pm, g.4-3e0 (Compensation tor antenna affects it is 
absent). On Pij. 5.13b, is given dependence of £ on p for kms, p=, 
when d.ictance d = 0.5 and #, it varies from -180 to +1809, also when 
the compensation for the antenna of effects. On figure ace 
plotted/appiied iaclined straight lines, q = p - f, so that is 


visible dependence of f on ge 


If w2 examin? dependence of f on gq, then sometimes from curved 


(Fig. 5.13b) for the determined values of gq and @, is dJbtained two 


values f. 
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Pig. 5.12. Signs of *he coefficients 5B and C€ witn tie different 


locations of inverse-exiter. 


Key: (1). Nose. (2). Framework. (3). Forages. 
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This frequently is encountered in practice when is dat2cmi ned 


deviation f dapealing on g. “ultiformity f wisappears, if we examine 


dependence of € on p. 


Prom Figs 5.13a, it follows that if we Jisregard inzscement for a 


field froa inversa-exiter (case of medium=-frequency waves or very 
close antznna location to by antenna to the system of cadio direction 


finder), then with small detunings of antenna, when tha raactance of 


sonata eile isl ttn ca Le YS st wenth des PMNS ee TCT prom erat 
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antenna it is small and #, = 0, deviation it reaches maxianus values 

(to 30°) with g = 90° and q =270°, ice., has seai-circular law from 

Qe 


















pac = 77223213 PAGE “KS UY | 
ty 
zo | 
it: sol 20 40 50 80 100 120 160 160 180 
- 3 pe 
f > 3 20 
bt > fh . 
a 
10 
ae ee 
f = 180° 
a g” 
. Bn YN 
L s “a 
bs (0% pO DAA Rae NJ 
a 0 2 eae £0100 120 140 g° 


yo 220 ae 50 80 100 120 140 160 4050 





» ot \ OB XS RAL! VV 
RTT 
: : EAN NAG 





SRV V4 180° 





vy 10 

EL VAAN ASY 

& 20 > AV /\ NSW 160° 
J wh A RIRRUAT |" 


2 40 & OO 100 120 14g 9* 
Ab) i 
Fig. 5.13. Prror, caused by inverse-exciter when th2 congansation for 
the antenna effects is absent,: a) k = 0.53 ys 0s%2 + 3 = OF b) k = 


0.5; ps0, + 3 = wW(1 - COS L)u 


Key: (1). Correction to hearing, deg. 
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with an increase in the detuning ot the invecse-exciter the law 
governing dJaviation changes for large sismatches of antenna, when ¢, 
390°, deviation aas maximum a value fusxc=8 with g = 45, 135, 225 


and 315°. the law governing deviations becomes one fourth from q 


From Fige 5.13b, it follows that if we consider incc2ment for 
the field of reradiation, then ceviation reaches maximum 30° with 
certain datuniaj of the inverse-exciter. The laws governing deviation 
for cass Fig. 5.13b are obtained more complex than for case Fig. 


5. 13a.: 


In order to dudge the effect of the inverse-excitar it is 
necessary to know, aS they Charge with k ana ¢@ depending on the site 
of installatioa of the framework of radio direction finiec, and also 
on the relaticnship/ratio of the frequency of direction finding and 


natural freyuency of antenna. 


Let us examiie first as they change with k and #® depending on 
the arrangenent/permutation of the framework of cadio Jirection 
finder relativa t> the inverse-exciter. For this, it is necessary to 
find exprassion for electromagnetic field on close distanse fron the 
inverse-exciter. P. As Ryazin [5.7] designed the field, sceated by 
rectilinear antenna of near zonc aS sum Of fields froa elementary 


Tadiation currents, under the assumption that the cucrert 
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distribution alonj the antenna is sinusoidal. 
In our axamiration we assume that the reactance of antenna is 


egual to z22ro0. This corresponds to sucht freyuency at whista along the 


length /, of tha grounded antenna is placed the odd number of 





quarter-wave lengths i.e. yao hg, whare n any whola. 


Expression for the which interests us in the case of 


reception/procedurce to the tramework magnetic intensity from the 





Vartical wire antenna by length ia Mota obtained in °5.7]}] in the 
following form: 

. 1201,E m —_ 1%, 4), 

Hon = (Gn — 1)8Ryr cos es (rs ry) le 


(5.34) 


MOLEOVeEE Faq = 0, 3 - 3g = B/2 (fatry), %39 Aepends on A, where cr is 
re- 


a distance fros tie framework to antenna on pespendiculac to antenna; 
fp - a distance from the framevork to the top of antenna; 


fa * a distance from the framework to the imaga cf the top of 


antenna: 


R,~ the effective resistance of antenna, 


Page 26%. 
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The amplitude of field component, cophasal with tne field of 


transmitter, is jatercnined by the expression 
* 120i,E 
H on = a1) wR OS [Flr = rs) cos @, (5.35) 


wher? 


P= PbO — —e (Pe Ee) 


P= FE CCSH «. (5.36) 


Let us exagmiae two cases, tnat are of greatest practical 
interest. 


4 


Ve ALong tha length of antenna, is placed yuart2ac wavelength, 


ines, {p= 4, For this antenna 
a 4° 


R= 36.6 2, m= ez. 


From formulas {5.35) and (5.36) follows that 


Hon =1,04E as cos [+ (+a) | COS 9, 


whence 





k= Het 1,04 ++ cos [+ (“i is )}: (5.37) 
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top 
. in this case 
Rr n Petre 
Pe= SH r= tat( Qe ). (5.38) 
ie Page 270. 
= ; ; 2. Along th2 length of antenna, are placed three quarter 
= ve . 3 2 j 
E wavelengths, ise., ‘a= 74% In this case a= +5 ohn, mes ot From 
formulas (5.35) atd 5.36) follows that 
/ als Inf ta—tn \ 
4 Hoy = 0,230E = 008 | Fai, ) | core. 
: whence 
a lon t, jon ff. pasa | Gy 
: i k= Yet 0,230 cos | (97 \|. (5.39) 
where 
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The maximum values k fer the different Locations of the 


framework of cadioa direction finder relative to the invertse-exciter 
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are depicted on Pig. %.14a, when I-sta, and on Fige 5.14b when 
y= 2a. 

Fig. 5.174, ace shown also for the different places 9 
actrangement/pera@utation by the antenna of the system of the value of 
maxinum deviation /uae = are sin k when # = 0, when @ = 0 value of 
deviation they will be smaller. With # =(w/2)f = 0 ani i). = k. 
These cutves it is possible to use during the site of installation of 
radio diraction finder aboard ship. From curves it follows that the 
deviation decreas®> with the lift of the framework apvdv2 the hull cf 
ship. For a dacrease in the effect of the mast of ship, it is 
expedient to asSeable the framework oa tae top of mast 292 the line of 
the symmetry of aast. As this follows from the curves Fig. 5.14, for 
equidistances between tie framework and the antenna whan fas ih of 


error, it is less than when laa. 


Let us datecaine the effect of the detuning of the natural 
frequency of antenna relative to the frequency of direction finding » 


on an example of the shore antenna which is tuned to a fraquency », 


by supplementary ceactive cell/velaments. 
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Pig. 5.14. Pffect of the secondary field of the grouniai wire in the 


vertical plane: a - with s=”0:b - when s,=30: 
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Vial, faane ©: 7) k =0.3. 
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6) =.0.335. Ian, SIS; 


Key: (7). Haijght/altitude of the framework above the main deck 


(2). Distance from conductor on deck 
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In this case, @, + v3 = 0, ine., the radio direction finiar works 


average/rean and lony waves. 


Let us desiynate: 


Ze=R +X, * the complete active and reactance of aatenna 


circul1t; 
— : 3 : 
= VR+X - modulus of resistance 2s 


On the basis (5.3), for the inverse-exciter 
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where a is the coafticient of proportionality. 


If ore assuaas that fA, does not change with frequency, then 
dependences kt and k" on “ will coincije with depenienzes for 
antenna circuit a and on relation “Des — These i2z»andences are 
represcntad on Fiy 5.15. The sharpness of curves is determined by the 
quality of antenna circuit. Prom Fig. 5.15, it follows taat the 
greatest values 3f the coefficients of semicircular i2viation and 


diffuseness of the minimum are obtained, when the natucal freyuency 


of antenna is close to the freyuency of direction finiinj. 


2 Antenna is arcange/located at a great distance froma raiio 


direction finder. 


Let us examiire the action of the vertical grouni2! antenna, 


arrange/located at a yreat distance from by the antenna of systen 


tadio direction finder. 








| 
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Fig. 5.15. Dependence of the field of recadiation on th2 letuning of 


antenna. 
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Let the vartical radiator have effective height 4, and is 
located at a distance rc from the framework of direction finder. The 
strength of the field of the oriented transmitter let as lesignate £&. 

In antenna it is induced by eaf 


E, = Eha, 


*) 

Atg (=~ 

where A= “( is the effective heignt of antanna. 
8 


A 
L= 7: 
The quit? high field of reradiation will be, when , oO this 


case 








E.! 





poc = 77223213 PAGE UO | 


F Sen che ARIES AMER ABSA TU Sg Ha Ae Wh ee tt a ea E - SEEE S Ee Sa eer eer AS Se mth ttt 3 5 7 ens See 
Sa 
1 


: ave E.. 


d 
»E,=ES, R, = 36,6 oa. ohm, 


| > 


A= 


Pa a 
ae Fe 


~_ 
aang 
i 


Tne field of ceraliation, created by the distant antenna, will be 





377E =— 
i & x 
' Egy a alate =e . ~ 0,25 & 
- t 
or, since A= 4,, 
e Bou = Eandk = Fite te, 
» A 
\ 5 


The greatest action of antenna will be, when the phase of the 
field of ceradiation in location by the antenna of the system of 
radio direction finder coincides with th2 phase of grouai field 
(transmitter) or jJiffers from it in phase to 180°; in this case 


Maximum deviation is datermined by the formula 


fuano =k =a T2a, (5.40) 


On the basis o€ tae permissible deviation into 19, fron (5.40) we 


have 


fusne Sr DS ay, Of ra~ HI,. 
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Thus, so that tne deviation from the vertical quarter-wave 
grounded antenna ioes not exceed 19°, the distance of the vertical 
wire antenna from the framework of radio direction finiec must be 50 


(and more) times o£ the more height of the vertical wice antenna. 


A 
Page 274, 

The maximum ieviation, produced by the effect of the horizontal 
wire, suspend/hung from height/altitude h at a distanc2 c from by the 
antenna of tha system of radio direction finder, is detecained from 

the formula 
s 


fr Wr : 


So that the error does not exceed 19, it is necessacy to fulfill 


requiremeat $ 0.02 or ©F 27 Ahe 


Thus, for instance, for a wave »} = 100 m at the arizgat/altitude 


of the supports 9€ the suspension of wire h = 10 m for tha Limitation 


of error by value of 1° must ve made condition © > 7 » 1090 or cr > 


250 ine 


4 


7 


iets octane wate at eb odin subtle 2 ams Moved bbe dabei 02 as LA silane AD one abla a cia dela ears ib Rt peramatlathtstiletite scent dail Sob it oo ak wecdke adriana dis, asta 


A Nina oe aa PL 





: ne a eR EER ee Ge i Sn et reigns SF cr ae eT aa 
t 

i 

t 


“poc = 77223213 PAGE 493 
( j 
1 bo 5.6. Action of inversely-radiatiny framework. : 
: 
4 The inversely-radiating framework frequently calls Loop. The : 
ic framework of radios direction finder with size/disensions, much F 
smaller than the wavelength, it is located within the : 
ge inversecly-radiatiag framework (Fig. 5.16). Por deteraiainy the effect i 

of the inversely-cadiating framework, we proceed from (5.3), where /ta, : 


is the effective reijht cf the inversely-radiating fcasework. In the 


general case the action of the framework of the equivalently two 


i Spaced antennas. 


If the size/iimensions of the inversely-radiatinj flamework are 
small in comparison with wavelength and the direction-finiing 


framework is arranje/located in the center of the inversely-radiating 


franework, then 


F (es Ye) = C08 (p — 4) = COS Ho, OF (On Y= AZ 





where MM, is maxisus anutual inductance between the dicection-finding 


and inversely-raliating framework; 


My - tha effective height of the direction-finding Framework. 
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F 
was (rom (5.3) and (5.4) we have o 

; ips soMnhos Cos}, = COS He, P=P AE > (5.41) 

on p 
where 
my xe OM nln 
a Znahy . 
Ir tie case in question the cesistor/resistance 9f 
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inversely-radiating framework must be predominantly eithac inductive 


Or capacitive, ipa., 


Zon= +jXon- 


Therefore fieli E,, coincides in phase with field £ of transmitter. 


Utilizing expressions (5.14)and (5.41), and also taking into 
account that with the reading of bearing 0 = q, p = 4 * f, we obtain 


the experesSion, which connects bearing deviation f with q and; 


sin f = mcos(q ~p-+f)sin(g —¥), 


whence 


m 
pisaen sin 2(q — ¥) 





in 2(q — ¥) 
wieght aa ee 
(2 m) — meos2(q— ¥) 1 ee 0829 —-#) 





Let us replaze g—p=q, ise. let us select as the ref2rence point 
of bearing not longitudinal axis of ship, but the projection of the 


inversely-radiatiny framework on the body of ship or aitcraft. 





Then 
Tm 1n a 
igiee——_e. 
15m 008 24 
Let us desijgiaate —”™ =D, (5.43) 





>- 
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whence 
__Dsin 2, 
el =; — Dos 29," (5.44) 
Page 275. 


Expanding equation (5.44) in Fourier series, we hava for the low 


values of f 


f = Dsin 29, + D* sin 29, cos 29, +... = 
=Dsin 27, -+Ksin 49,+..., (5.45) 


where 
K==.. (5.46) 


In forrulas (5.43) - (5-46) D and K are expressed in caiians. 


Let us find from (5.45) expression for f£ at different »p. If yp=0, 
iee., an inversely-cadiating framework is arrange/located along the 
longituiinal axis of Ship (aircraft), then q, = q and eguation (5.45) 
will take the force: 

f=Dsin 2q + Ksin 4q +... (5.45’) 
Thus, an invecsely-cadiating framesork, arrange/located along 


the lonjzitudinal axis of ship or aircraft, in the plane, #hich 
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contains the axis of the direction-finding framework, craates 
quadrantal and octant deviatior. 
y= 90°, 
When iN i.@, an inversely-radiating framework is 
atrange/locatei parpendicularly to the longitudinal axis of ship and 
its plane contains the axi. of the direction-finding fecaa2work, from 


(5.45) we will obtain: 


f =Dsin (2g + 180°) +- K sin (4¢ + 360°) +... = 
= — Dsin 2g + Ksin4q... (5.47) 


When ~ is agual to any angle, then 


f =Dsin (2g +- 2) + K sin (49 + 4p) =D cos 2p sin 2g + 
+ Dsin 2p cos 29 +- K cos 4y sin 4y -+ K sin 49 cos 4g= 
=D, sin 2g + Ecos 29 + K, sin 4¢ 4-L os 4q-+-..., (5.48) 


where 


D,=Dcos2y; K,=Keos4y; E=Dsin2y, L=Ksin 4y. 


Thus, ar invarsely-radiating framework at any angle wp to the 
longitulinal axis of snip (aircraft) with the plane, passing through 
the axis of the direction-finding framework, creates tha jieviation of 


forn (5.43), i.g., to one fourth and octant law. 


Page 277. 
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It is possible to show that an inversely~radiating framework, 
displaced with raspect to the rotational axis of the 
direction-finding framework, produces tha deviation of form (5.48) 
and, furthermore, constant the depending on wavelength component of 


deviation (coefficient A) {1.6}. 


Prom formulas (5.41) and (5.42) it is possible to determine the 
law of a change in the deviation with fraquency. For tnis, it is 
Necessary to dat2cnine a Change in the resistorysresistan>s2 of an 


A 
inversely-radiating framework with frequency. 


An invers@ly-rcadiating frawework can be locked ani that which 
was extenied. In its first case they call the inductive or locked 


duct, in the second case - by the capacitive or open ciccuit. 


The CeSistor/resistance of inductive duct for the frayuencies 
smaller than its 9wn, it is inductive. Of capacitive duct for the 
frequencies smaller than its own, the resistor/resistaic2 of duct has 
capacitiva character, for the frequencies, yreater than its own, 


inductive character. 


The sign of the coefficients of deviation depenis 91 that, is 
acrange/located the Jirection-finding framework within dust or 


outside it. 
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From the analysis of formulas (5.41) and (5.42) it is possible 


to make following conclusions. 


7. At natucal frequency of inversely-radiating framedork, and 
also at other fr2zuencies when X,,=0,inversely-radiating framework does 


not create deviation, but is produced diffuseness of bearing. 


2. Of capacitive duct at frequencies smaller than its own, for 
direction-finding framework within duct, coefficients of leviation D 
and £ are positiv2 and with decrease in frequency decreasa, striving 


for certain limit. 


For the freqzuencies of the direction finding, larje their own, 
and for the same sontitions coefficients D and F are negative and 


with an increase in the frequency decrease, striving for zero. 


3. Of inductive duct at frequencies smaller than its own, and 
for direction-finidiny framework within duct coefficients 2 and & have 
Minus Siya ani with decrease in frequency decrease, stciving for 


constant limit. 
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p: 
a 
‘ 
_ Page 278. 
‘. 
* . . = . 
. 4. Coefficients of guadrantal deviation D and E for waves of 
ke: direction finding, close to their own wave of duct, have teo maximugs 
© (positive and negative). F. 
} : , “9 
2 ® = 
a 5) For aftec becoming tue arrangement/permutations of the 
direction- finding framework of outside the field invecsaly-cadiating 
© 


‘ circuit the signs of deviation, stipulated in p. 2 and 3, they change 


by reverse /inverse. 


Table %.1 gives the siuns of the coafficients of ta2 fourth 
deviation D and E for the freyguencies of the direction finding e 


smaller than the natural frequency inversely-radiatingy circuit. 


c 8 
E 
5 (por the frequencies of the direction finding, larj2 »f the 
Matural frequency of duct, the coefficients of deviation 2 and E have 


Opposite signs. 


5.7. Deviation caased by the hull of ship. 





age AR 
1s 


Fi OC ial, eae 


poc = 7722324 PAGE 2 5o | 





7 a 
In work °5.9] is found the expression for a secondary field in 
ao 
a any point under tne influence of external electromagnetic sex/floor 
ware 
ik on the ideally conducting sewicylinder of infinite length, which lies 
iS on the ideally conducting surface. 
» 
4X. 
ok a 
- We will pays? on the case of radiOwave Propagation in horizontal 
: plane (f = 0). 
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Table 5.1. 


Signs 9f the coefficients of the guadrantal jiaviation D 
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Key: (1). Chatacter of inversely-radiating framework ani its 


location. (2). The direction-finding framework is located. (3}. 


within Just. (4). 


duct. (7). Extendad. (8). Locked. (9). Transverse duct. 


I and ITI quadrants. 
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autside duct. (5). Deviation. (6). Longitudinal 


(170). Duct in 


(11). Duct in IIT and IV quadrants. 


We will designate: pg - radius of cylinier; p is a iistance of 


observation point from the center os cylinder; Fflm - aagaetic 


component of normal-pola ized electromagnetic field of trarsmitter; H, 


Ho is the fiel? at any point, 


obtained as 


aces" 


of diffraction; pb 











EY Binder RSET evi ter mis wmrsibcees A rneesrinnie eee fet mek EE AS EIT 5S IES biduic incase ndie ee ite = = 
E: . 
ki 3 
e 
ba poc = 77223214 PAGE 503 
re . the angle between direction of propagation and the axis of 
a : an 
‘ semicylinder; q - the angle between the Jirection 9f the cesulting 
i field and by the axis of semicylinder. 
ny 
rae : 
* 
o In work is assumed, that p/r € 1 and po/d € 1. 
i 
y Expressions for fieid components Hg above the apex/vartex of 
e 
_ semicylinier (Z axis is directed along the axis of senicsylinder) it 
® 3 
r takes the fora: a 
; s! AH, = —-2H » sin p, 
eee > 1) 2 fe : re 
\ Hi= 2H | The ) |eos 2. (0.49) 
H,=0. 
a 
8 : 


Expressions for t1e comporents tig above the plane of tue 


semicylinder: 


H,=— 2H» sinp, H. == 2H, [1 =) cos p, 
H,=0. (9.50) 


Signs (+) and (-) are taken depending on that, where is located 


observation point - in front of semicylinder or from behind it. 


From (5.49) it follows that above the apex/vertax of the 


senicylinier H, \ 





=. — ied 
Bei gey re Cee (5.51) 


p 
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Dependens2 (5.51) corresponds to bearing error (4.16). TIharefore 


3 | ee | 
5 mat 5 a at - ey (5.52) 








I= 4 sin 04 | 
i ; j 
8 tgp ~ f= —a———— = Dssin 2g + Ksin4g +... (5.53) | 
1— 774008 29 ' 
ae where 
- etl ' 
' i | 
__l--a __ Dd 
ba D=U Ww K=5. (5.54) 3 
: Lcd In (5,54) the cozfficients of deviation D and K, afte expr2ssed in 
¢ Fy 
H r| 
me radians. 
oe 4 
- | 
) = At the low values of D, the deviation vears purely one fourtn 
i 
’ character and is expressed 
f=Dsin 29. 
: If we desigaate . . 
c =m, (5.55) | 
; 
7 then, substituting (5.52) in (5-54) and taking into account (5.55), 
we obtain 
‘ | 
i 2.8 m’ Hf 
D= rym (5.56) | 


Thus, the coiductiny semicylinder of infinite length in the 


cee ee ee bate, oo Re 
mee etree te SS a : = 











r * 
EL 2 
3 
tb pOC = 772232t4 PAGE 7” ‘oS 
Ab 
= 
el , points, waich correspond to its apex/vertex, produces the deviation oe 
iz of the forr 
y: m i 
Ri I> mi 85n 29 
i! tg [= ——, ‘ (5.57) 4 F 
oy 1 Fp qu cot 2 | : 
ats A 
a Differentiating equation (5.57) for q, we obtain =. 
k =are tg —Z—_ he ' 
. fuane § Vig ~ ayia (5.58) | 
r 5 
The angle Yuaxno, which corresponds to deviation fyaxc, L838 @xpressed 
ae as ' 
l 
. Guano =F are cos pT. (5.59). 
& 
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B 
Pield, created by the metallic hull of ship on ldnj waves, on 

its action in the first approximation, of the anaiogous with the 

field infinitely long semicylinder of which pop/drA << t and p/sr << 1. 

(values of p/dA = 0.3 and pg/dA = 0.3 in yiven formulas are vali: with 

an accuracy t2 53/0). Therefore for the deviation, caus2i by the 

7 Metallic aull of ship, which are found on water, is correst 


expression (5.57). 


When the dic2ction-finding framework is astablisa/iastalled on 
the centerlina of ship directly on deck, then m = 1. In other cases a 


radius of ship pg one should exprass py width and heijght/altitude of 





te 
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Ship. Let us dasijnate the width of ship in the site of iastallation 


of the dicectiorn Finder by B and overall height of ship (From the 
upper deck to keel) by He Approximately it is possibl3 t2 accept for 
Po value 


B+ 
oe a 


Por the calcalation of deviation, it is necessary to know the 
height/altitude of the installation of the framework 9f€ the direction 


finder above the upper Jecke Let us desitnatre it by h. Iben for m one 


should write 


= Pe Pe 2 
ae sama Te (5.60) 


Prom formulas (5.58) and (5.60) follows that for - decrease in 
the deviation, produced by the hull of ship (aircraft), it is 
expedient to ris2 the framework of direction finder as possible above 


above the hull of ship (aircraft). 


Deviation from the hull of ship (aircraft) chanjga3s with a change 
in the wave. Inly for the average/aean and long waves, which exceed 
the length ot housing 10-15 times, deviation can be considered 


independent of wavelength and it it is possible to compute according 


to formula (5.58). For shorter waves the Jeviation incraaszes at 


first, than it dacsreases. 
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The axamined case of diffraction from seamicylindac under 
terrestrial conditions approximately corcesponds to the installation 
of radio direction finder at the flat/plane apex/vertex 2£ the 


elongated elevation. 
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Se. 8. Deviation of ship and aircraft radio direction finder. 


As this follows from §5.5-5.7, the metal hull of ship 
(aircraft), and also any installations (antenna, masts, bridges, 
tubes, thea locked ducts from delays with masts, etc.) aboard ship 
(aircraft) creates the fields of rceradiation, the calling errors and 


the diffuseness of bearing. 


In tae constant/invariable position of object/subjects around 
extecnal equipment /device of direction finder, the daviation also 
retains constant/invariable and it they consider with the use of 


radio direction finder. Deviation depends on wavelength. 


Radio beam deviation f determines experimentally foc the 


radio-course anyl2s of y from 09 to 360° and depict in tha form of 


! 
pe feng ue 


C) Pee 


: ar 


ae yes 
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curve. The curve of radio beam deviation can be expaniad in Fourier ‘ 


series, is analogous with curved compass error: 


f=A-+Bsing + Ccosg + Dsin 2g + Ecos 29 + F 
+ Ksin 4g 4-Lcos4q¢ }..., 4 


where A - the coafficient deviation constant 





ze 
t 
A= 37 § tq, 
0 





ae B and C - the coefficients of the semicircular deviation 


B= rif singdg 1 C= = |! cos qdq, | 


D and F - the coefficients of one fourth deviation 


a s 
: . 1 
r = 5 [fsin 2adg H E ==; (feos 2gdq, | 
< 6 ry ' 
K and L - the coafficients of octant deviation i‘ 


K =a! sindgdg u L=+ (i cos 4qdq. / | F. 


1) 
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For explaining the reasons, calling the appearance 9f different 


coefficients of dJaviation, we proceed of the action 2xamined above of 


echoes 


separate 2amittars (antenna, the framework) on direction finding. 


One should distinguish installation aboard the ship (aircraft) 


of the radio direztion finder of mediue-frejuency waves aid cadio 
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direction finder of snort and ultra short waves. 


On medium-frequency waves the deviation bears predominantly one 
fourth character. It is caused mainly by metal housing ani it is 
little affectei with a change in the wave. For a decrease in the 
deviation, it is necessary the antenna system of radi2d licection 


finder to cise above the hull of ship. 


On saort ani ultra short waves curved deviations do not have 
this regular chacacter as on medium-freyguency waves. Sreatest effect 
have antenna-like installations, especially with the siza/dimensions, 
Close to 1/4 ani 3/4. Law and the value of deviation due to them 
depend on wave; therefore law and the value of deviation change with 
wave. For judjinjy about deviation on these waves, one should proceed 
from the account 3f the closest antenna-iike installatiod1s (masts, 
tubes, bridges, 3tc.) (see the curves of Pige 5.14); it is necessary 
as far as possibl3 to drive out from them the framework of radio 
direction finder up to this distance so as to bring daviation to the 
pecmissible valua. This is achieved in the best way by 
accangement/pecautation by the antenna of the system 3£F cadio 


direction finier on the top of the mast of ship. 


On madium-frayuency waves usually it is possible to indicate tha 


reasons for th2 adpearance of different coefficients of deviation. 
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| 

Eas 

a4 1. A, coeffisient deviation constant,, does not i2pend on 


; direction of iacoring signal. It appears, if tbe indicator of the 
reading of bearing is establish/installei erroneously 2c in che 
presence of the ducts whose planes straddle of the framework of 
direction finder. If A is caused by last/latter reasoa, then its 


values change with a change in the wave. This case aboaci ship 


q 
4 
j 
1 
4 
; 
4 
| 


a. (aircraft) corresponds to the installation of the framework not along 
z the eiectcical axis of Symmetry. In this case, the fraaawork can be 
a establish/install3d from the centerline of ship, since the centerline 
oa of the symmetry of ship not always does coincide wita its electrical 
; . 
j axis of symmetry. i 
4 


: 
3 
i 
i 

4 
| 
i 
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2. 8B - coafficient of deviation, which is changed with period 
dv, in€e, coefficient of semicircular deviation. It is caused by 
antenna-like emitter, arrange/located from the nose of saip (or 


aircraft) (+B) oc from stern {~B) 


a 


3. C - Coafficient of semicircular deviation. It is taused by 
antenna-like ratucn omitters, which are located fron th3 starboard 


(-C)or from tha Laft side (+#C) of ship or aircraft. 
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4. D ~ coefficient of quadrantal deviation. It i8 caused by the 
hull of ship (matallic aircraft, dirigible) or by the lonjgitudinal 


and transverse ducts. Signs D are shown in Table 5.1. 


5. E ~ coefficient of quadrantal deviation. Is causei by the 
or 
ducts, arrange/lotated at an angle of 45° 1141359 to the longitudinal 


axis. Signs E ar2 shown in Table 5.1. 


6. G and P - coefficients of sectant deviation, usually have 


very low value. 


7. K and L - coefficients of octant deviation, depend on D and 


E. 


As shown 2arlier, on the short and ultca short waves where 
affect the phase differences, caused by the distance betw2en the 
directional anter1a sf radio direction finder and retucn 2mitters, 
the law of change f from q becomes complicated and usually it is not 
possible, on the basis of curved deviation, to indicate the reasons 


due to which appears the deviation. 
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